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(54) nOAnO)KKA CXEMbI (BAPMAHTbl) kl CnOCOB EE MSrOTOBHEHMfl 
(57) 

|/l3o6peTeHi4fl oTHocnrcfl k oSnacTM 
MsroToaneHMfl nonynpOBOAHMKOBbix npM6opoB 
HB TBepAOM Tene. noAno}KKa mmbbt 
KepaMMHecKyio noAncuKKy m anioMMHiieBbiff 
pMcyHOK cxeMbi. BbinonHeHHbijif na a/noMUHMn 

MJIM BJllOMMHMeBOrO 00/1388, npMCOQAMHeHHblE^ K 

yKaaaHHoCt KepaMMHecKoR noAnojKKe 
nocpeAicTBOM cnon, ooAep>Kaii^ero Al m Cu. B 
cnoco6e Meji^y amoMHHMeBbiM pncyHKOM cxeMbi 
M noAHOKKOf^ pasMeu^aK)! cB^syioii^Mt^ cnnae 
Al-Cu M HarpeaaK)! nojiyMaiou^yiccfl c6opKy npM 
onpeAe/ieHHbix reMneparype m pfiLBnenm. 
TexHMMecKviM pesynbTBTOM ii3o6peTeHMfi 

flBJIPeTCP B03M0)KH0CTb HSrOTBBnMBaTb 

noAno)KKy cxeMbi HeSonbUJofl uaccbi m 

XOpOUJMMM XapaKrepMCTMKaMM OTBGAeHMn 

TeruioTbi. c He6onbUjviM KonviMecTBOM rpeu^MH 
naflKM M rpeiMMH b caMoi^ noAnoKKe npM 
He6onbUJo(^ ctommoctm. 3 c. m 15 a.n. (p-nbn, 12 
Ta6ji., 1 Mil. 




CM 



o 



-1- 




(19) 



2 204182 C2 

H 01 L 25/00 



(51) Int. Cl7 



ro 
to 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 

(12) ABSTRACT OF INVENTION 



(21). (22) Application: 2000113594/28 , 26.05.2000 

(24) Effective date for property rights: 26.05.2000 

(30) Priority: 28.05.1999 JP 1M49302 

(43) Application published: 27.04.2002 

(46) Date of publication: 10.05.2003 

(98) Mail address: 

129010, Moskva, uLB.Spasskaja, 25. str3. OOO 
"Juridicheskaja firma Gorodisskij i Partnery", 
pat.pov. E.I. Emerjanovu. reg.Ns 174 



(71) Applicant: 

DENKI KAGAKU KOGtO KABUSIKI KAJSJa (JP) 

(72) Inventor: KhIRASIMA Jutaka (JP). 
TANIGUTI Esitaka (JP). KhUSII Jasukhito 
(JP), TUDZIMURA Esikhiko (JP). TERANO 
Katsunori (JP). GOTOKh Takesi (JP). TAKAKURA 
Siodzi (JP). ESiNO Nobujuki (JP). SUGtMOTO 
Isao (JP). MIJAI Akira (JP) 

(73) Proprietor: 

DENKI KAGAKU KOGIO KABUSIKI KAJSJa (JP) 

(74) Representative: 
Egorova Galina Borisovna 



CM 
O 

CM 
00 



(54) CIRCUIT SUBSTRATE (ALTERNATIVES) AND ITS MANUFACTURING PROCESS 

(57) Abstract: 

FIELD: manufacture of solid-state 
semiconductor devices. SUBSTANCE: substrate 
has ceramic wafer and aluminum pattern of 
circuit made of aluminum or aluminum alloy 
and connected to noentioned substrate by 
means of layer incorporating in its 
composition Al and Cu. Its nfianufacturing 
process includes disposition of binding 
alloy Al-Cu between aluminum pattem of 
circuit and wafer and heating of assembly 
obtained at definite temperature and 
pressure. Substrate produced in the process 
is distinguished by good heat-transfer 
characteristics and minimal number of cracks 
on soldered joints and on substrate proper. 
EFFECT: reduced mass and cost, enhanced 
quality of substrate. 18 cl. 1 dwg, 12 tbi, 25 ex 
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MaoepereHMe othochtca k BWCOK0Hafle)KH0M 
noAno>KKe cxeMbi. npeAHasHaweHHOfi, HanpMMep, 
Ann cunoBbix woAynevi. 

Ann nonynpoBOflHMKOBbix npnOopoB. 
McnojibsyeMbix, Hanpuwep, b cwnoBbix MOAynnx, 
pa3pa6oTaHb( \a oCbNHO npMMeH^ioTCR Ha 
npaKTMKe noAnoKKH cxeiw. \AhAe\ou\v\e 
KepaMMMecKyio noAno>KKy, Hanprnwep m3 OKCMAa 

aXllOMMHUfl, OKCMAa 6epM/lJlMfl, HMTpMAa KpeMHMfl 

nnn HMTpMfla anK)MMHM«. a raiOKe pucynoK 
cxeMbi M rennooTBOAf'LjJyio ruiacTHHy, 
BbinonHeHHbie, Hanpuwep, na Cu. A1 njin na 
cnnaBa, coAep^Kai^ero laKoJ^ MeTannnMecKMv^ 

KOMnOHGHT, M 06pa30BaHHbie COOTBeTCTBGHHO 

Ha nepcAHet^ cTopone m na aaAHef^ CTOpone 
KepaMnnecKoC^ noppomv\ (nareHT CliJA 
5354415). 3tm noAno)KKM cxew HMeiOT raKoe 

KaMeCTBO, HTO CTaOHJIbHO AOCTHraiOTCfl BblCOKHe 

AnaneKTpMMecKne ceoi^cTBa no cpasHeHmo c 
noriMMepHbiMM noAnoxcKaMki mjim cocraBHbiMM 
noAno)KKaMM via nonkiMepnoM noAno)KKM vi 
MeTajuiMHecKOM noA/iotcKM. 

Cncx:o6bi npucoeAMHeHUfl pMcyHKa cxeivibi m 
ren/iooTBOAflinei^ nnacTUHbi k KepawMMecKoi^ 
noAno}KKe npM6jiki)KeHH0 mo)kho paaA^-nviTb na 
naC^Ky ryronnaBKkiM npt/inoeM c npMueHeHMeM 
CBflayioLnero Marepnana (t. e. TsepAoro npunon) 
ki cnoco6 663 Mcnoiib30BaHkin CB^ayiou^ero 
Marepiiajia. B KanecTBe npeACTaBJiqioLuero 
nocneAHMM cnoco6 M3BecTeH raK HasbiBaewwM 
DBC - cnoco6 npwcoeAHHeHMfl OKCHAa 
a/itoMMHMfl K rinacTkiHe m3 KpacHo^ Mepyi upvi 

MCnO/lbSOBaHMM 3BTeiCrMKV1 Cu-0. 

OAHaKO B cnynae. KorAa pucynoK cxeMbi 
BbinonneH m3 Cu. rennoBoe Hanpfl>KeHMe, 
BosHMKawi^ee na-aa paajiMHMfl rennoBoro 
pacLUkipeHMfl pvicyHKa cxeubi m KepaMtiMecKof^ 
noAno}KKki \Am uai^m, PB/ineTcn HeH36e)KHbiM. ki 
no3TOMy cymecTByeT leHAeHL^nn o6pa30BaHHfl 
TpeiA^H B KepaMiiHecKof) noAno}KKe mvi naf^Ke 
npM noBTOpnioLUMXc;! len/ioBbix L^maiax. m 
no3TOMy He AOCTuraeTcn BbicoKa« HaAe)KHocTb. 
C APyroC* CTopoHbi. KorAa A1 BbiCiipaioT e 
KanecTBe Marepktana Ann p^icyHKa cxeMbi, to, 
xoTfl OH HecKOJibKo xy)Ke no cpaBHennK) c Cu no 
yAe/ibHoCl TennonpoBOAHOCTH m 

a/ietaponpoBOAHOCTM, ho a/iiOMMHMeBbi(^ 
pvicyHOK cxeMbi /leiKO BbiAep}KMBaeT 
rinacTHHecKyio Aec})opMai^MK) msoKe npn 
npMno)KeHMM k HeMy rennoBoro Hanpfi>KeHkin. b 
peay/ibTare nero KanpnKeHMe, npHKnaAbisaeMoe 
K KepaMMHecKOf) noAnoKxe mvi k naf^Ke, 6yAeT 
yMepeHHbiM. a HaAe^KHOCTb 6yAeT cyiMecTBeHHo 
noBbiiuaTbcq. 

OAHaKO Ann anicMMHMeBoro pkicyHKa cxeMbi 
xapaKiepHa npo6neMa, aaicnioMaioLAaftcp b tom, 
HTO OH flBJiflercfl AoporocTORii^nM. flnfl 
o6pa30BaHM» anK)MMHkieBoro pMcyHKa cxeMbi 
cymecraytoT cnep;^\owjiAe cnoco6bt: (1) cnoco6 
cnnaBJieHMfl. npH KOTopoM pacruiaaneHMbiM 

a/1IOMHHHi% npMBQA^T B OOnpMKOCHOBeHMe c 

KepaMMMecKoH noAno>KKo{4 c nocneAyioLi^kiM 
oxjiaMAeHneM Ann nonyneHM^ censaHHoro 
{A3fxenm, npvi 3tom TOJiii^MHy anioMMHMeBcv) 
nnacTUHbi peryjivipyioT iJjnMct>OBaHvieM na 
craHKe, aa KOTopuM cneAyer rpaejieHMe 
(nareHTHbie AOKyMeHTbi JP-A-7-1 93358 h 
JP-A-7-27262, \A (2) cnoco6 nat^KH Tyron/taBKviM 
npMnoeM aiiiOMMHMeBoC^ ctxsjibm wwi (ponbrv\ kia 
amoMkiHtiesoro cnnaBa c nocneAyicu^MM 
TpaBneHMBM (nareHTHbiC) AOKyMenr 
JP-A-3-1 25463). 06a 3Tm cnoco6a Tpe6yioT 
aarpar. KOTopbie npMMspHO b Aaa-nflTb paa 
npsBbiUjaiOT aarpaTbi b cnyMae o6pa30BaHMfl 
MeAHoro pMcyHKa cxeMbi. m no3TOMy 
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Ma/iOBepoflTHo, HTO 3TM cnoco6bi uunpoKO 
HcnojibayiOT, ncKniOHap cneL^nanbHbre cnyHaM. 

He roBopfl y)Ke o hmskoC^ 
npoM3BOAHTenbHocTM o6pa6oTKM B cnoco6e 
cnriaaneHUfl, ocHOBHan npuMnna, no KOTopoi^ 
nonyneHkie anioMkiHMeBoro pucyHKa cxeMbi 
naMKOM TyronnaBKMM npunoeM flsrifleTCfl 6onee 
AoporocTOfliUMM, MeM MeAHoro pucynKa cxeMbi, 
aaKniOHaeTCfl b tom. hto npucoeAHHenne 
ocymecTan«iOT npn co6nioAeHMM necKonbKnx 
ycnoBMC^. A MMeHHO, TeMnepaTypa rinaBneHUfl 
A1 (660 °C) M TeMnepaTypa npucoeAMHennfl (or 
npuMepHO 630 ao npHMepno 650°C b cnyMae 
cn/iaBa THna Al-Si. KOTOpbif^ RsnneTCP Haki6onee 
pacnpocTpaneHHbiM CB(^3yK)iMkiM MaTepnanoM) 
6nM3Kn. B peayjibTaTe wero A1, BepowTHO. 
n/iaBMTcn B onpeAeneHHbix MecTax, 
o6ycnaBnnBafl nojiBnenne Aect)eKTOB nai^Kvi 
(3cf)c})eKT "M3-beAeHHbix MonbK)" ynacTKOB, 
o6paayioLMVixcn na anioMkiHMeBOM pucyHKe 
cxeMbi). M no3TOMy Heo6xoAi^Mbi 3HaHviTejibHbie 
MacTepcTBO \A "jOAnm Ann MaroroB/ieHMfl 
ajiioMMHMeBoro pMcynica cxsMbi 6e3 raioix 
Aec})eicroB. 

ripM TaKOM nojio>KeHMvi Aen aa^^BMienb 
ycraHOBMJi, mto antoMviHkieBbtf^ pMcynoK cxeMbi 
MO)KHO nerKO o6paaoBaTb na KepaMkinecKof) 
noAno}KKe nyTeM npMCoeAMHeHkin npvi oco6bix 
ycnoBM^x, kicnojibayn b ica^ecTBe CBf^ayiou^ero 
MaTepna/ia Aemesbii^ cnnaB Tuna Al-Cu, 
KOTopbiP^ He npuBneKaeT BHUMannfl, m. KpoMe 
Toro, sa^BkiTenb npoBen o6iuMpHbie 
viccneAOBaHMfl Ann AOBeAeHMfl ao KOHi^a 
HacTOfliAero M3o6peTeHMn. 

SaASMa HacToniMero n3o6peTeHMfl 
saKPtoMaeTcn b co3AaHkiM noAno>KKi^ cxeMbi, 
KOTopan MMeeT KepaMUMecicyK) noAnojKKy m 
pucynoK cxeMbi na anroMUHun nnn 
anioMMHMeBoro cnxiaBa. o6paaoBaHHbif^ Ha 
KepaMkiMecKof^ noAnoKKe, co cHki>KeHMeM aarpar 
npM coxpaneHMM ee BbicoKoi^ HaAe)KHOcrM. B 

HaCTHOCTM, B C03AaHMM BblCOKOHaAe)KHOi^ 

noAno)KKvi cxeMbi, b KOTopof^ He ronbKo 
OTcyTCTByioT Tpei^MHbi B nat^Ke mjih b 
KepaMHHecKOf^ noAnoKxe, ho raioKe b 
3HaHMTenbHoC1 creneHu npeAOTspau^eHo 
OTcnakiBaHHe npOBO/ioHHbix buboaob, 
npMCoeAHHeHHbix TepMOKOMnpeccneCS. nnn 
noKpurni^. 

flpyrafl aaAaMa nacToniiJiero naoepereHMn 
3aKnK)MaeTcn b ynpoi^enviki naroTOBneHMA laKoft 
BbicoKOHaAe)KHo£i noAno)KKVi cxeMbi. 

B MacTHOCTM, HacToniuee Mao6peTeHMe 
oTHOcviTcn K noAnoKKe cxeMbi m k cnoco6y Ann 
ki3roroBJieHvifl noAno)KKvi cxeMbt, KOTopbie MMeiOT 
cjieAyK)iMMe cyiMecreeHMbie npnanaKn. 

1. noAnoKKa cxeMu. Koropan HMeer 
KepaMMMecKyK) noAno)KKy ki anK)MMHiieBbiC) 
pi^cyHOK cxeMbi. BbinonnenHbii^ \az ajiioMMHMn 
njiM anioMHHneBoro cnnaBa, npucoeAMHeHMbiW k 
yKa3aHHoi^ KepaMMMecKOv^ noAnoKKS 
nocpsACTBOM cnon, coAep)Kai4ero A1 m Cu. 

2. noAno)KKa cxeMbi, Koropan kiMeer 
KepaMMMecKyio noAno>KKy m anioMMHMeBbin 
pncyHOK cxeMbi, BbinonneHHwi^ m3 anioMMHMfl 
v\m amoMMHueBoro cnnaBa, np^icoeAMHennbif^ k 
yKa3aHH0^ KepaMMnecKof^ noAno)KKe npki 
McnonbaoBaHMM b KaneciBe canayiOLuero 
Marepnana cnnaBa rnna Al-Cu mhm CMecM. 
coAep>Kau;efi A1 n Cu. 

3. DoAnoxoca cxeMW no nynicry 2, b KOTOpoC^ 
B KaMecTBe CBflaywu^ero Marepnana 
McnonbSOsaHa c|)onbra m cnnaea rnna A1-Cu. 

4. noAno}KKa cxeMbt no nynicry 1, 2 (inn 3, b 
KOTOpovt KepaMMHecKan noAnoxcica npeACTasnfler 
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co6o£^ noAno)KKy v\3 HiiipkiAa a/iiOMMHMfl 
noAno)KKy \A3 HviTpMAa KpeMHkin. 

5. noAnojKKa cxeww no nioOoMy OAHOMy M3 
nyHKTOB c 1 no 4, B KOTopoM KepaMUHecKafl 
noAnoKKa npeACTasnweT co6oC^ noAno>KKy na 
HMTpufla anioMUHHw. HMejoii^K) yAe/ibHyio 
Ten/ionpoBOAHocTb. no weHbiiiei^ wepe, 130 
Bt/m.K m MMeJOLnyK) raKoe OTHOiueHMe 

klHTeHCl^BHOCTef^ HMKOB AI^CppaKl^l^M 

peHTreHOBCKMx nyMeW, mto 

2 ^Y2O3.Al2O3Xl00/AIN<17 kl 
2Y2Q3.AI203X100/A1N<2 Ha nosepxHOCTM. 6. 
noAno)KKa cxeMbi no /i(o6cMy OAHOMy via 

nyHKTOB C 1 no 5. B KOTOpoO aJIIOMMHVieBblj^ 
pMCyHOK CXeMbI, BbinOJIHeHHblff M3 aniOMMHMP 

vim ajiK)Mt4HMeBoro cnnaBa, oCpaaoBBH npn 
McnonbsoBaHMM A1. MMeiou^ero MMcrory. no 
MeHbLuei) Mepe, 99,85% no Macce. 

7. DoAnoTKKa cxeMbi no /iio6oMy \A3 nyHicroB 1 
no 6. B KOTopoCt aniOMi^HvieBbii^ pkicyHOK cxeMbi. 

BbinonHeHHblj^ H3 ariOMHHMfl MflM a/IIOMMHHeBOrO 

cnnaBa, oGpaaoBan npii McnoiibaoBaHkiM 
npOKaraHHoro A1, MMeiou^ero MMCTory, no 
MeHbLueH Mepe, 99,99 Mac. %. 

8. DoAnoxcKa cxeMbi no nyHioy 1 , b KOTopof^ 
nponopi^nfl Cu b cnoe, C0Aep)Kau4eM A1 ia Cu, 
oocraBJifleT or 1 ao 6 Mac.%. 

9. rioAnoKKa cxeMbi no nyHKiy 2 mjim 3, B 
KOTopof^ CBfiayioL^kiP) Marepkiaji coAep)KMT, no 
MSHbiuefl Mepe, 86 Mac.% A1 , or 1 AO 6 Mac.% 
Cu M caMoe 6o/ibUjee 3 Mac.% Mg (6e3 O). 

10. noAno)KKa cxeMbi no iiio6oMy m3 nyHKTOB 
c 1 no 9, B KOTopoi^ aniOMMHMeBbii^ pMcynoK 
cxeMbi, Bbino/iHeHHbivi m3 anioMMHkifl mjim 
anioMMHMeBoro cnnaaa. nMeer Tonu^kiHy. no 
MeHbUjef^ Mepe, 100 mkm m TBepAOCTb no 
BkiKKepcy caMoe 6onbiuee 15 ktc/mm^. 

1 1 . noAHO^KKa cxeMbi no JiK)6oMy m3 nyHKTOB 
c 1 no 10, KOTopan MMeer rennooTBOAni^yio 
nnacTiiiHy, BbinonHeHHyio via anioMMHiifi mum 
aniOMMHVieBoro cn/iasa, o6paaoBaHHyk> na 
KepaMViMecKOfl noAno)KKe na cropoHe (aaAHe^ 
CTopoHe). npoTkiBonojio)KHo() cTopone. Ha 
KOTopoC^ oOpaaoBan a/noMMHueBbiH pkicyNOK 
cxeMbi. 

12. noAno}KKa cxeMbi no nyHxry 11, b 
KOTopoC^ OTHOiueHiie o6'heMa amoMUHi^eBoro 
pMcyHKa cxeMbi k oe-beMy rennooTBOARu^etl 
nnacTMHbi cocTaBJineT ot 0,80 ao 1 ,2. 

13. noAno)KKa cxeMu no nynxry 11 mum 12, b 
KOTopoC^ anioMMHMeBbiC^ pMcyHOK cxeMbi MMeer 
TsepAPCTb no BMKKepcy caMoe GojibLuee 16 
KTC/MM^, a Ten/iooTBOAfliMafi nnacTMHa MMeer 
TBspAOCTb no BMKKepcy ot 19 ao 30 Krc/MM^. 

14. Cnoco6 nsroTOBJieHMfl noppoMm cxewbi, 
3aKnioMaioi4niHcfl b tom, mto pacnortaraioT 
BbinoiiHeHHbie ms ajuoMMHun \An\A ajitoMMHi^esoro 
cnnaaa n/iacTMny. pncyHOK mjim o6a na 
xepaMMHecKyK) noAno>KKy m coeAMHHior 
nocpeACTBOM CBfl3yK)iAero MarepMana, b 
Ka^ecTBe Koroporo Mcnonbayior cn/iaa TMna 
Al-Cu MJIM CMecb. coAepKaii^yto A1 m Cu, m 
HarpeaawT nonynaioaiyiocfl b peaynbiare c6opKy 
npM Tewnepaiype or 540 ao 640 °C, npM aroM k 
Hei^ npuKnaAbieaioT AaBnehne or 1 ao 100 
KTc/cM^ B HanpaansHMM, nepneHAHKy/iflpHOM k 
KepaMMMBCKoW noAno)KKe, a^w npucoeAHHeHUfl 
BbinonHGNHbix H3 anioMMHMfl MJIM anioMMHMeBoro 
cnjiasa nnacrnHbi, pMcyHKa i/ijim o6omx k 
KepaMMMecKoi^ noAno)KKe c nocjieAyioiAMM 
TpaeneHMeM b cnyMae HaAo6HOCTM. 

1 5. Cnoco6 MaroTOBJiBHUfl noAno>KKM cxeMbi 
no nyHKiy 14, b KoropoM b KaMecrae 
CB^isyioiAero MarepMana Mcnonbayior ctxsjibry Ma 
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cn/iaaa iMna Al-Cu. 

1 6. Cnoco6 MaroTosneHMfl noAno>icKM cxeMbi 
no nyHKry 15, b KoropoM b KanecTse 
CBflsyioinero Maiepnana McnojibsyioT 4x)/ibry m3 
cnnaaa iMna Al-Cu, nMeiomyio romuMHy or 15 
AO 35 MKM, BbinojiheHHbie m3 axiKDMMHkifl kiriki 
ajiiOMMHMeBoro cnjiasa n/iacrnHy, pucynoK mjim 

MX 060MX, MMBIOU^MX TOJILI^MHy, HO MeHbUJeC^ 

Mepe, 100 MKM, pacno/iaraiOT na tom mjim APyroM 

CTOpOHB KepaMMHBCKOW nOAnO)KKM nOCpBACTBOM 

yKaaaHHoro cBwayioutero Marepnajia. a 
nonynaio^yiocfl b psayjibraTB c6opKy coABpxar 
noA HarpesoM npw reMneparype, no MBMbiuBM 
MBpe, 590°C B TBHBHMB. no MBHbLUBM Mepe. 20 

MMH. npVI 3T0M K HBf^ HpMKnaAblBaiCT AaBHBHMe 

or 8 AO 50 Krc/CM^ b HanpaaneHMM. 
nepneHAMKyjiflpHOM k KepawMMecKOM noAnoKKe. 

1 7. Cnoco6 MaroTOBJiewMfl noAno>KKM cxeMbi 
no nyHKTy 15 mjim 16, b kotopom b KaMBcrae 
c}K>JibrM M3 cn/iaBa TMna Al-Cu McnojibsyioT 
4)0/ibry M3 cnnasa TMna Al-Cu-Mg, 
coA6p)Kau4yK), no MeHbLueC^ Mepe, 86 Mac.% A1 , 
or 1 AO 6 Mac.% Cu m cbmob 6ojibLijee 3 Mac.% 
Mg (6e3 O). 

HmJKB M306peTBHM6 5yABT OHMCaHO 6ojie6 
noApo6HO npMMeHMTenbHO k npeAnoMTMTejibHbiM 
BapManraM ocyu^ecTBJieHMn co ccbiJiKoP^ na 
conpoBO>KAaioiAMC^ mbptb)k, na KoropoM 
noKaaaHa cxeMa. MJiJuocrpMpyiomafl cnoco6 
MsroTOB/ieHMfl cTpyKTypbi c noAHOKKOM cxeMbi. 

Hacrofli^ee M3o6peTeHMB b 3HaMMTejibHoC^ 
creneHM xapaKrepMayercp reM, mto 

aJUOMMMMBBbll^ pMCyHOK CXBMbI MJIM pMCyHOK 

cxeMbi M3 aniOMMHMBBoro cnjiaaa (b 
AanbHB^^LJUBM o6a 6yAyr MMeHOBarbcn KaK 
ajiioMMHMBBbt(^ pMcynoK cxBMbi) o6pa30BaH. no 

MBHbUJBM MBpe, Ha OAHOi^ CTOpOHB 

KBpaMMMBCKOil noAno>KKM nocpeACTBOM cnofl, 
coA6p)KaLi^ero A1 m Cu. flpyrMMM cnoaaMM, 
ajiioMMHMeBbiy^ pMcynoK cxeMbi npMCOBAMHBH k. 
no MeHbUjeC^ Mepe. oahoC) cropOHB 
KepaMMMBCKO^ noAno)KKM npM McnonbaoaaHMM b 
KaMBCTBB CBJiayioii^Bro MaTBpMajia cnjiaaa TMna 
Al-Cu MJIM CMBCM, coABp^aiABt^ A1 M Cu. 
riOAHOKKa CXBMbI COrJiaCHO M306peTeHMK) M0)KeT 

MMBTb raKyic crpyKrypy. mto ranjiooTBOAaiMafl 
njiacTMHa o6pa30BaHa na cropone (o6paTHOi^ 

CTOpOHB) KBpaMMMBCKOf^ nOAHOJKKM, 

npoTMBonono)KHoR cropoHe, na KoropoB 
o6pa30BaH aniOMMMMesbiM pMcyHOK cxeubi. 

Ao HacT05iL^ero bpbmbhm cnjiaB TMna Al-Si a 
KaMBCTBB CBfl3yiou^Bro MBTBpMaJia An$i 
a/iiOMMHMeBoro pMcyHKa cxeMU ^annercn 

HaM60JieB XOpOLLlO M3yM6HHbJM M npOBBABHbl 
HeKOTOpbIB MCCJlBAOBaHMJI CRnaBOB. HSnpMMBp 

TMna Al-Si-Mg, TMna AI-Gb m TMna Al-Si-Ge. 
OAHaKO M3 ypoBHfl rexHMKM HB o6Hapy)KeHo. 
MTo6y cnnaB TMna Al-Cu Mcnojib30Bajicn b 
KaMBCTBB CBfi3yioLABro MarepMajia. CMMraercfl. 
MTO cnnaB TMna Al-Cu hb 3acny)KMBaeT 

BHMMaHM51, nOCKOJlbKy OH flBJI^lBTC^I 

OTHOCMTenbHO raepAbiM m xpynKMM, m 3to 
aapanee pacnojiaraer no/ibaoaarBJiBM npoTMB 
Hero M3-3a HeAOcraroMHoi^ njiacTMMecKOj^ 
A6c()opMaL^MM. nocpeACTBOM KOTopof) CHMMaercfl 
renjiOBoe Hanpfl>KeHMe noAnoKKM cxeMbi. 

OAHaKO C yMBTOM JlBn<OCTM npMCOBAMHeHMfl 

ajiioMMHMBBoro pMcyHKa cxBMbt cnjiaB TMna 
Al-Cu flBJiHBTCfl HaMGojiBB noAXOAALi^MM no 
cpaBHBHMK) CO cnjiBBaMM TMna AI-SI. TMna Al-Ge 

MJIM C 3TMMM CnjiasaMM, MMBIOU^MMM Mg B 
KaMBCTBB A06aBKM. OOCKOJlbKy CU, BBpOflTHO. 

AM<t)0yHAMpy6T 60J16B paBHOMepHO B A1 no 
cpaBHBHMK) C SI MJIM Gb. M n03T0My, Bepo^iTHO. 

3T0 npMBOAMT K TOMy, MTO He cyu^ecrByer Mecr 
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noKanbHoro nnaejieHHJ?. a raioKe, eepoflTHO. 
BcneflCTBue aroro - Bcny^nBaHna nanniuHero 
CBfl3yiOL4ero MaTepna/ia. v\ noaroMy b TeMewne 
oTHocMTenbHO KopoTKoro npOMe>KyTKa BpeweHM 
MO)KHO ocyiiiecTBMTb npoMHoe npvtcoeA^HeHbie. 

KpoMe Toro. crmaB c oOosHaHeHneM AA 
cepuM 2000 lunpoKO ncnonbayfor iok 

BblCX)KOnpOMHbl(^ a/ltCMMHVieBbli^ CnjiaB kUlkl KaK 

TennocTOMKktPi ajifOMUHneBuCi cfuiaB, m npM 3tom 
OH jierKO ctx)pMyeTCfl b c})onbry, KOTopafl. Kpowe 
Toro. flBJiflercfl 6onee npneivineMoft c tomkm 

3peHI4fl CTOMMOCTM. 

B noAHOJKKe cxeMbi cornacHo M3o6peTeHMK) 
anioMi^HMeBbii^ pi^cyHOK cxeubi npbicoeAi^HeH k 
KepaMkiMecKoC^ noAno>KKe nocpeACTBOM c/ion, 
coflep)Kai4ero A1 n Cu. TaKoCi cjiom 
npeflCTaBJiweT co6oi^ cnot^, KoropbiP^ coflep>KMT. 
no MeHbLuef^ Mepe. ABa KOMnoHeHra, A1 vi Cu, vi 
Mo>KeT AononHMTejibHO coAep>KaTb Tperni^ 
KOwnoHeHT. B KaMecTse Tpeibero KownoHeHTa, 
HanpuMep, Mg, Zn, In. Mn, Cr, Ti nnn Bi 
MO)KeT npucyicTBOBaTb cawoe 6ojibiuee b 
KonnMecTBe npuwepHo 5 Mac.%. Cpeflu 
yicaaaHHbix npeAnomMTenbHbiM qBxifleTcn Mg. 

Cno^, C0Aep)KaLi4M() A1 ^ Cu, pacnono)KeH 
Ha Kepawn'^ecKoJ^ noAnoKKe. npeAnoHTurenbHo 
c ymy6neHneM na 100 mkm ot noBepxHOCTH 
KepaMMHecKovi noAnoKKVi. Me)my antoMkiHvieBbiM 
pucyHKOM cxeMbi cjioeM, coAep)KaLUkiM A1 n 
Cu. MOMBT npucyrcTBOBaTb mjim He 

npHCyTCTBOBBTb TpGTMM CJIOM. 

Cnoi^, C0Aep)Kaii^nC^ A1 m Cu, oSpaayjOT 

TBKMM 06pa30M. HTO HB KBpaMVIHeCKOM HOAnO^KKB 

pacnoraraiOT n/iacTuny A1 nnn m3 
aniOMMHueBoro cnnasa, pkicynoK mjim m to. m 
Apyroe nocpeACTBOM cBnayioii^ero Marepnana 
TMna Al-Cu c nocneAytoiMUM npucoeAMHeHnew b 
npouecce narpeBankiq b to BpeM$i, KorAa k hmm 
npMKnaAbisaioT ABBJieHMe. 

B KanecTBe CBnayiOLi^ero MaTepkiana 
McnojibsyioT cnjias Tuna Al-Cu mjim cwecb, 
coAepxaiMyic A1 m Cu. CpeA^ hi^x AB/ineTcn 
npeAnoMTHTe/ibHoC^ ct)o/ibra m3 cnnasa Tuna 
Al-Cu. oco6eHHO c})onbra. na cnnaBa, nMetoLMafl 

TOnU^MHy OT Vio AO '/50 OT TO/lU^MHbt 

a/iiOMkiHMeBoro pMcynica gxgmu. Echm Tonu^MHa 
MeHbLue MeM V50, ho 6yAeT ocyu^ecTB/inTbcn 
VAoaneTBopfliCLuee TpeSoeaHbinM 
TepMOKOMnpecckioHHoe npMcx)eAMHeHvie. a ecnki 
OHB npesbiujaeT Vio. BOSHUKaeT TeHAeHL^vin 
noBbiiueHvifl TBepAocTH anioMMHMeBoro pMcyHKa 
cxeMbi, HTO HeCnaronpMnTHo CKaabieaeTcn na 
rennoBOM i^MKne noAno)Kiai cxeMbi. Oco6eHHO 
npeAnoHTHTsribHa Toni^MHa, cocTaBJifliou^aj? 
cawoe Conbiuee 100 mkm \a ot V12 AO V40 ot 
T0Jii4MHbi ajiKJMMHMeBoro pucyHKa cxeMbi. 
nocKOfibicy oGbiMHo McnonbsyiOT a/iiOMUHMeBbiW 
pMcyHOK cxeMbi, MMeioinnt^ Tonu^nHy ot 0.4 ao 
0.6 MM, TOJiu^MHa CBflsyiCLi^ero MBTepnana 
cocTaBJineT OT 10 AO 50 mkm, B OC06eHHOCTM - 
OT npMMepHO 15 ao npMMepHO 30 mkm. 

npeAnoHTMTenbHO CBfl3yK)ii{Mt^ MaTepna/i 
coAep>KHT. no MeHbLueC^ Mepe, 86 Mac.% A1, ot 
1 AO 6 Mac.% Cu ki caMoe 6onbUjee 3 Mac.% b 
oco6eHHocTM - ot 0,2 AO 2 Mac.% Mg (6e3 O). 

flnfl nojiyneHMfl eme 6o;iee HaAOKHoC^ 
noAno)KKM cxeMbi canaB Tkina Al-Cu cofxepm^T 
npeAnoMTviTenbHO, no MeHbiueii Mepe, 86 Mac.% 
A1, OT 1 AO 6 Mac.% Cu m caMoe 6ojibUJee 3 
Mac.% Mg (6e3 O). Ecnn coAep)KaHMe Cm 
MeHbuue HeM 1 Mac.%. TeMnepaTypa 
npMCoeAHHeHMfl noBbiiuaeTCfl n npM6jin>KaeTcn k 
TOMKe nnaajieHbin A1 . a ecjiM oho npeBbiiuaeT 6 
Mac. %, cyu^ecTByer onacHOCTb /xvKptpyam Cu a 
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ajiiOMkiHMeBbiM pkicyHOK cxeMbi nocne 
TepMOKOMnpeccMOHHoro npucoeAnneHMfl, mo 
HeGjiaronpuflTHo CKa3biBaeTC« na Ten/ioBOM 
^^tKne noAno)KKM cxeMbi. CoAep)KaHMe Cu ot 1 ,5 
AO 5 Mac.% nenflercfl npeAnoMXHTenbHbiM. 

CoAep)KaHMe Cu b c/ioe, coAepxau^eM A1 m 
Cu, onpeAe/iJieTCfl npenMymecTBeHHo 
coAep)KaHMeM Cu b CB^ayiou^eM MBTeptiane, 
Mcnojib3yeMOM Ann TepMOKOMnpeccHOHHoro 
npMCoeAHHeHMfl. 

ripM Ao6aBneHMM Mg xapaKTepkiCTkiKM 
cnnasa Tuna Al-Cu 6yAyT ncnojibSOBaTbca 
6ojiee nojiHO, n CL^enjienne anwMMHueBoro 
pucyHKa cxeMbi c KepaMvmecKoR noAno>KKO« 
6yAeT nymue. 

MexaHM3M, nocpeACTBOM KOTOporo 
C03AaeTcq sctx^eKT npn Ao6aBJieHMM Mg, 
AOTajibHo He BbwcHen. OAHaKO cyu^ecTByeT 
MHeHne, HTO Mg saanMOAei^CTByeT c OKCHAHbiM 
cnoeM na noBepxnocTki A1 c 06pa30BaHMeM 
MgO M c yAanenneM oKCMAHoro cnoa. a na 
noBepxHocTM KepaMMHecKOv^ noAno}KKM 
o6pa3yeTCfl MgN 2. b peay/ibTaTe Mero 
noBbiujaeTCR cMaM^BaeMocTb. 

EcHM coAep)KaHMe Mg npeBbiiuaeT 3 Mac.%. 
Mg BO BpeMq onepau^vi TepMOKOMnpeccMOHHoro 
npucoeAMHeHMfl 6yAeT ncnapnTbCfl b 6ojibujMX 
KonnnecTBax, BcneACTBue nero, nanpHMep. 
ajiiOMMHMeBbivi pkicynoK cxeMbi MO)KeT 6biTb 
paaopBBH MJiM Mg 6yAeT Anc})c})yHAMpoBaTb b 

60J1bUJMX KOJIMHeCTBaX B aJIIOMllHVieBbl^ pi^cyHOK 

cxeMbJ, TBK HTO A1 MO)KeT noABepraTbCfl 
3HaHMTenbH0My OTBepAeHMK). EcjiM coAep^KaHHe 
Mg cjikiLUKOM Mano, 3ctDct)eKT, CBflsaHHbii^ c 
ynyniueHMeM CL^enjienvifl, ctbhobvitc^ Ma/ibiM, m 
nooTOMy flBHweTCfl npeAnoHTHTenbHbiM 
00Aep>KaHMe Mg ot 0.2 ao 2,0 Mac.%. 

KpoMe Toro, neTBepTbiC^ KOMnoneHT, 
HanpuMep Zn, In, Mn, Cr, TI, Bi. B mjim Fe, 
m6)kho Ao6aBMTb b cyMMapnoM KOJinnecTBe, ne 
npeBbiLuaioii^eiyi npkiMepno 5 Mac.%. npM 
Mcnojib30BaHi^vi CB^ayioiAero MaTepna/ia, 
MMeioiAero TaKof^ cocTas, nojiynaeTcn 6ojiee 
CTa6kijibHafl noAno)KKa cxeMbi npM MeHbiue(^ 

CTOMMOCTM. 

KoHKpoTHbie npMMepbi (BbinycKaeMbix 
npoMbiujjieHHocTbio cnnaBOB) cBnayiou^Mx 
MaTepMajioB BKntonaioT b ce6p cnjiaB At-Cu. 
]me\o\i\]A^ C0Aep)KaHMe Cu ot 1 ao 6 Mac.%, 
cn/iaB 2018. coAepKaiAMM. npMMepno 4 Mac.% 
Cu M npMMepHO 0.5 Mac.% Mg, cnnaB 2017, 
C0Aep)KaiAMC^ npMMepHO 0,5 Mac.% Mn. m 
cnnaBbi 2001. 2003. 2005, 2007. 2011. 2014. 
2024. 2025, 2030. 2034, 2036, 2048. 2090. 
2117, 2124. 2218, 2224. 2324 m 7050, 
yAosneTBopflio^Me TpeGoBaHMAM 5RnoHCKoro 
npoMbiuineHHoro CTaHAapTa (5^nC). 

HM}Ke noRCHneTC$i antoMMHMeBbib^ pMcynoK 
cxeMbi. 

B KanecTBe MaTepMaxia ad^ aniOMMHMeBoro 
pucyHKa cxeMbi b AononneHMe k HMCTOMy A1 
cepMM 1000 MOXHO Mcnonb30BaTb cnnaBbi TMna 
AI-SI cepMM 4000, c noMou^bio KOTopbix nenco 
OCyiMBCTBMTb TepMOKOMnpeccnoHHoe 
npMcoeAMHBHMe. m cmiaBbi TMna Al-Mg-Si cepMM 
6000. CpeAM HMX ABTiHeTcw npeAnoHTMTenbHUM 
A1 BbicoKoJ^ HMCTOTbi (hmctotoC^, no MeHbiueff 
Mepe, 99,85 Mac.%). MMeiou^MM He6ojibUJoe 
MaKCMMajibHo AonycTMMoe paspyujaiOLMee 
HanpjuKeHMe. TaKMe nxiacTMHKM ms A1 
BbinycKaioTCfi npoMbiujneHHocTbK) kbk MBTepMa/i 
1085 M^M 1N85. KpoMe Toro, mojkho 
Mcnonb30BaTb A1, MMeioiMMf^ HMCTOTy 99,9 
Mac.% (3N). A1 , MMeioi^MP^ HMCTOTy 99,99 Mac.% 
(4N). M A1, MMeiou^M() HMCTOTy 99.999 Mac.%, 
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nOCKOJlbKy OHM He ABrifllOTCfl flOporOCTOfllMMMM. 
AJllOMMHMeBblC^ pklCyHOK CXeMbI MOTKBT 6blTb 

npeACTaBJieH oahmm uarepMaroM mjii/i 
cnoMCTbiM MarepManoM, HanpuMep 
nnaKupoBaHHbiM, m3. no weHbiuei^ Mepe. AByx 
BMAOB. ripkiMepbi cnoMCTbix MarepMa/ioB 
BKHiOMaiOT B ce6fl Al-Ni, Al-Ni-Cu, Al-Mo, A1-W 

M A!-CU. MX MO)KHO Cf)aKy/lbTaTHBHO Bbl6MpaTb 

McxoA« M3 HaanaMeHMfl n cnoco6a coeamenm. 
OAHaKo npeflnomnrenbHO ncno/ibaosaTb 
npoKaraHHbie njiacTUHbi m3 OAHoro 
a/iioMMHueBoro Marepnana, nMeioii^ero MucTory, 
no MeHbiuet^ wepe, 99.99 Mac.% ocoGeHHO 
npoKaraHHwe nnacTUHbi, nweioii^Me 
K03ct)ct)HL^MeHT BbiTfl)KKM, no MeHbiueM Mepe. 
10%. ripuHMHa. no KOTopoi^ npoKaraHHbie 
anK)MMHMeBbie n/iacT^Hbi ABn^ioTCf) 
npeAnoMTHTejibHbiMM, aaicniOMaeTCfl b tom. mto 
paBHOMepHan npoKarica ocyu^ecTBnneTc^i 
BanKawii MHoroKpaiHO, b peaynbrare Mero 
paBHOMepnafi nxiacTkinecKafl Ae4)opMai4vifl. 
Bepo^THO, npHBOAMT K peayjibTary. cpaBHMMOMy 
c BbiujeyKaaaHHbiM cnocx)6oM pacn/iaB/ieHMfi 

a/llCMMHMn. 

TojiLi^MHa ajiioMviHiieBoro pMcyHica cxeMbi 
oSbiMHO cocTaanfler or 0,3 flo 0,5 mm. Ecnn owa 
aHaMMTe/ibHO oTKnoHfleTC« or ororo fluanaaoHa, 
TO MeHee BepoflTHO, hto coxpannTCfl 
BbiiueyKaaaHHafi cBPSb c Tonii\\A»Qi^ CBPayioiiiero 
Marepkiana. HanpMMep. Koroa ronii^MHa 
a/ifOMMHMeBoro pMcyHKa cxeMbi cocraan^ieT 3 
MM. Tonu^nHa 200 mkm <ponhrv\ v\3 cnrtaBa. 
KOTopafl cocTaanneT V15 ot ToninnHbi 
anjOMMHueBoro pucyHica cxeMbi, He Hannercfl 
noAXOAfl u^ei^ . vi B03h kucaer reHASH UMfl 
o6pa30BaHvi$i TBepAoro cno», He6jiaronpvinTHo 
BJiMflwmero Ha renjiOBOM UMicn. 

KpoMe Toro. npeflnoMTurenbHO, Korfla 
ajiK)MMHMeBbif^ pMcynoK cxeMbi kiMeer Tonu^MHy, 
no MeHbLue(4 Mepe, 100 mkm \a TBepAOCTb no 
BMKKepcy caMoe 6onbUjee 15 ktc/mm^ c reM. 

MT06bl OnTMMM3MpOBaTb TBepAOCTb 

anioMMHkieBoro pMcyHKa cxeMbi f^\n ppcjviMemfi 
OTHocMTe/ibHO pasHOMepHof) nnacTMMecKott 
A^4>opMaL4iiH c L^e/ibK) npeAOTBpau^eHMfl 

OTCnaMSaHMfl npOBOnOMHblX BblBOAQB. 

npMcx>eAMHeHHbix repMOKOMnpecckiei^, m 
diieKrpouMTimecKMX noKpuTviC^ m c uenbio 
cyi^ecTBeHHoro coKpau^eHMn HMcna Aect)eicro8, 

TaKMX KBK TpeiUHHbl nSBK. 

BbinoiineHMe aniOMMHMeBoro pMcyHKa cxeMbi 
Tonu4kiHon, no MeHbUjeff Mepe, 100 mkm 
5iBnfleTcn Heo6xoAMMbiM ycnoBvieM pp9\ 
nonyMeHi'i^i BejiumviHbi py\cpcpy3m CB(i3yK)Li^ero 
MaiepMana, cocTaBnflKDineC^ npuMepHo 
HecKOJibKO AecflTKOB MviKpoMerpoB, M Ann 
nonyMeHMfl raepAOCTM no BiiKKepcy 
anioMviHMeBoro pMcyHKa cxeMbi, cocTaenfljou^eif 
caMoe Gonbtuee 15 kix/mm^. EcnM TBepAQCTb 
no BMKKepcy npeBbimaeT 15 kfc/mm^. 
nnacTMHecKaf) Aectx>pMaukin xapaKrepMayeTcn 
HepaBHOMepHocTbK), KorAa axiiOMMHkieBbii^ 
pMcyHOK cxeMbi noABepraiOT ren/ioBOMy 
Hanpfl)KeHMio, b peaynbTare nero nacTUHHan 

Ae(|)OpMaL(Mfl CTaHOBMTCfl 3HaMMTeJ1bHOC), a 
npOBOJIOMHbie BblBOAbI, npMOoeAMHeHHbie 
TepMOKOMnpeocMefl mhm o6pa30BaHHbie 
9jieicrponviTMHecKiiM oca}ig:ieHMeM. 
OTcnaMBatoTCfl, jimSo craHOBnTcn 
cyiAecTBeHHbiMM Aect>eKTbi, raKVte kbk TpeLUMHbi 
naex. HldkhmA npeAen TBepAOcm no BuKKepcy 
ocoGeHHo He orpaHimeH, m hsm oh Menbiue. tom 
nyMLue. OAHaKO npeAnoMTHTe/ibHO MMeib 
TBepAOCTb OT 10 AO 14 Kfc/MM^, nocKonbKy 
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a/iiOMMHMeBbiCi pucyHOK cxeMbi 6ojiee CKnoneH k 
no8pe)KAeHMnM. ecjiM oh nanneTcn cjiulukom 
MnnoiM. 

Mto Kacaeicfl nop^owm cxeMbi, na KOTOpoC^ 
o6pa30BaH amoMUHneBbit^ pucyHOK cxeMbi, to, 

MT06bl nOBblCHTb HaAeJKHOCTb, 06blHH0 

AenajiMCb npeAno)KeHMfl, OTHOcflmuecfl, 
HanpMMep. k cocTasy Ann sneKTponnTHMecKoro 
oca;KAeHM« (JP-A-8-260187), k MOAMC|)MKai^nn 
noBepxHOCTM KepaMMHecKOi^ noAno)KKVi 
(JP-A-8-260186) M K pa3Mepy MacTm4 
aniOMMHMeBOM nnacTUHbi (JP-A-8-1 56330). 

OAHaKO OHH He ABnaiOTCfl 

yAoaneTBopnTenbHbiMM peiueHUflMH. C APyroC^ 

CTOpOHbl, B COOTBeTCTBUM C HaCTOflll^MM 

M3o6peTeHneM mo>kho /lerxo MCKnioHHTb 
HeAOCTaTKM nyTCM onTHMnaaunn tohimuhw m 
TBepAOCTM no BuKKepcy anioMMHueBoro pucyHKa 
cxeMbi. 

Mto KacaeTcn noAnoKKkt cxeMbt, 
TaKyio CTpyKTypy. mto TennooTBOAfli^afi 
njiacTMHa o6pa30BaHa na npoTMBonono)KHoC^ 
cTopoHe (3aAHeCi cTopone) KepaMnnecKoi^ 
noAnoxKM, TO npeAnoHTHTe/ibHO BbiSpaTb 
OTHoiueHMe oS-beMOB a/iioMMHueBoro pucyHKa 
cxeMbi M TennooTBOAflLUeJ^ nnacTUHbi (o6-beM 
pMcyHKa cxeMbi/o6'beM TennooTBOAJ^u^ei^ 
nnacTMHbi) okojio 1 , HTo6bi CHH3HTb Kopo6neHHfl 
M BcnyMMBanufi M3-3a TennoBoro Hanpfl>KeHMfl m 

MT06bl COOTBeTCTBeHHO npeAOTBpBTMTb 

B03HviKH0BeHkie Ae4>eKroB, TaKkix KaK Tpeu^UHbi 
naex m OTcnaMBaHMe npoBOJioMHbix buboaob, 
npMcoeAviHeHHbix TepMOKOMnpeocneC), m 

SJieKTpOJIMTMHeCKMX nOKpblTMM. 

ripeAnoMTMTenbHo yKaaannoe OTHOUjeHi/ie 
cocTasnfleT ot 0.80 ao 1 ,2, ocoSeHHO 
npeAnoMTMTejibHO ot 0.85 ao 1,15. ei^e 6ojiee 
npeAnoMTMTenbHO ot 0.90 ao 1.1. B TaKOM 
cnynae To/iu^nHa TennooTBOAfliMew n/iacTUHbi 
npeAnoMTHTenbHO paBHa Toni^uHe pucyHKa 
cxeMbi HUM MeHbLue Hee. 

O&beM anioMMHiieBoro pMcynKa cxeMbi m 
oOteM TennooTBOAfliAeC^ nnacTUHbi 
paccMiiTbiBaiOT COOTBeTCTBeHHO no ct)opMy;ie 
(nnoLi^aAb pvicyHKa cxeMbt) x (Toni^MHa pMcynxa 
cxeMbi) M (njioLi^aAb TennooTBOA^iuef^ 
nnacTMHbi) x (ronu^MHa TennooiBOAniMefl 
nnacTMHbi). 

KpoMe Toro. b cnyMae KorAd OTHOiueHiie 
oS-beMOB flBnneTcn TaKviM. Kax BbiiueyKa3aHHoe. 
TBepAOCTb no BkiKKepcy a/iioMkiHMeBoro pvicyHKa 
cxeMbi, KOTopafi ^Bn^eTC^ oco6eHHO 
npeAnoMTMTenbHoC^. cocTaBrifleT caMoe 
eonbujee 1 6 kfc/mm^. a TBepAOCTb no BuKKepcy 
TennooTBOAfliMei^ njiacTUHbi. KOTopafl ABn^eTca 
oco6eHHO npeAnoMTMTejibHOM. cocraenfleT ot 19 
AO 30 Krc/MM^. 

TsepAOCTb no BuKKepcy xapaKTepn3yeT 
TBepAOCTb anK3MMHMeBoro pkicyHKa cxeMbi \Am 
TennooTBOAJ'ineC^ nnacTMHbi m oTnunaeTca ot 
TBepAocTM anioMMHi/ieBoi^ nnacTMHbi ao 
TepMOKOMnpeccMOHHoro npucoeAMHeHMfl. 
AnioMUHneByio njiacTuny npucoeAUHflioT 
TepMOKOMnpecciiet^ k KepaMimecKoi^ noAnoxKe, 
ncnonbsyn CBfl3yioLHii(^ MaTepkia/i, npvi 
HarpesaHMM ao TeMnepaTypu ot 500 ao 640°C. 
riosTOMy BcneACTBue TepMUMecKoi^ o6pa6oTKM 

MMKpOCTpyKTypa M0}KeT M3MeH$1TbCn, a 

cBn3yK)Li^MM MaTepMan Mo>KeT AM4>4>yHAMpoBaTb, 
CHM>Kafi MMCTOTy A1. KpOMe Toro. TepMUMecKyio 
o6pa6oTKy moxho npoBOAHTb nocne 
TepMOKOMnpeccMOHHoro npucoeAi^HeHMW. b 
pesyjibTaTe Mero 6yAyT MSMeHflTbcn cBoi^cTBa 
A1. TaKMM o6pa30M, Mano CMbicna tohho 
saAaaaTb TaepAocib a/iioMMHVieBoif n/iacTMHbi 
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flo TepMOKOMnpeccMOHHoro npHcoeAUHGHUfl. 

TeepAOCTb no BuKKepcy onpeAenflJor c 
noMou^bio cnoco6a BAaennBaHUfl tohkopo 
HaKOHeMHkiKa reepAOMepa npi^ npi^no)KeHMki k 
Hewy HarpysKM, MTo6bi nocpeACTBOw aroro 

M3MepHTb TBepAOCTb. M 3T0T CnOC06 UJUpOKO 

McnorbsyjOT aha nsMepeHUfl TeepAOCTn 
MeraxinoB \a KepaMMKM. 6 aaBMCMMocTM or 
ycnoBUM M3MepeHHM mo?kho nonynaTb HecKo/ibKO 
paankiHatoLi^Mec^f 3HaHeHkin. noaroMy b 
HacTOfliueM ki3o6peTeHviM MSMepeHkK? npoBOA^T 
npM HarpysKG 1 ktc c noAAepjKaHnew ee b 
TeMGHMG 15 ceKyHA- 

Hbi)Ke noncHnercn KepaMMMecKan noAnoMica. 

B KaMecTse Marepiiajia Ann KepaMMHecKofi 
noAno)KKH noAXOAUT hmtpma anioMMHun njin 
HMTpuA KpeMHMfi, MwewLunC^ yAeHbHyio 
TennonpoBOAHOCTb, no MeHbiueP^ wepe, 70 
Bt/m .K. mcxoa« H3 Toro, mto oh kicnonbsyercfl 
AHfl cunoBbix MOAy/iei^, aha Koropbix TpeSyeTCfl 
BbicoKan HaAe>KH0CTb. Mo}kho Mcno;ib30BaTb 
Kap6MA KpeMHMfl, OKCMA 6eppkiJivi$i kinM 
aHanorMMHbie mm Marepkianbi, OAHaKO om 
\me\oj HeAOCTaroMHbie AvidJieiapkinecKkie 

CBOMCTSa kt HaAe)KHOCTb. 

KepaMimecKof^ noAno)KKof^. npuroAHO^^ Ann 
HacToni4ero n3o6p8TeHHfl. nsnneTcn noAno)KKa 
M3 HMTpnAa anioMMHMfl, MMeraiMafl yAenbHyio 
renjionpoBOAHOCTb, no MeHbiuet^ wepe, 130 
Br/MaK M TaKoe oTHouieHMe kiHTeHCkiBHOcret^ 
nMKOB A^4>P3KL(MM peHTreHOBCKkix JiyMeH, mto 
2 sY2O3.Al2O3Xl00/A1N^17 M 
2Y2O3*Al2O3Xl00/A1N<2 Ha noBepxHOcm npM 
Cu-Ka-M3JiyMeHMH. ripw Mcnonb30BaHMH 
yKa3aHHoi^ noAno^KicM \az ajiioMMHkin hmtp^ 
npOMHOCTb TepMOKOMPpeccvioHHoro COeAMHeHHfl 
o noMou^bK) BbiLueyKaaaHHoro CBflsytou^ero 
MBTepMajia TMna Al-Cu Boapacraer ki 
nojiyHaeTCR noAno}KKa cxeMbi. o6;iaAdioi^an 
eii^e 6o/iee BbicoKOM HaAe}KHocTbK). 

TaKyto noAno)KKy m3 HMTpMAa aniOMkiHMn 
MOXCHO o6pa30BaTb. Mcnojibsyii (a) hhtpma 
anoMMHMfl B BviAe nopoLUKOBoro Marepktajia. 
ooAepxai^ero or 1 ao 10 Mac.% KpynHbOC 
HacTHL^, MMeiou^vix pasMepbi He MeHbUje neM 100 
MKM. M OT 10 AO 50% Mac. Me/IKMX MaCTMl^, 
MMeioiMvix pasMepbi He eonbiue mom 1 mkm. 
MSMepeHHbie cnopo6oM AMC|)paKL\MOHHoro 
pacceflHMfi naaepHoro kiaiiyHeHkin, kuiM 
OHTkiMkiaMpyfl. HanpHMep, (b) oTHomeHMe 
(30Aep)KaHkin Al 2O3 m coAep>KaHiin Y 2O3 B 
nopOLDKOBOM Marepna/ia HMTpwAa KpeMH^n, (c) 
KOJikinecTBo KvicnopoAa. B03pacTaK>L4ee nocne 
yAa/ieHkiR cBn3yK)i^ero Beu^ecTBa ao cneicaHHfl, 
VI (d) TeMneparypy cneKaHMfl. 

HanpMMep. b cnynae BbicoKoro coAep)KaHHfl 
2Y2O3«Al203 cx)Aep>KaHMe AI2O3 OTHOCurenbHO 
yBsnuMMBaeTcn. m noaioiviy ncnonb3yioT 
nopoiuKOBbif^ Marepnan HMTpnAa anioMMHMfl. 
coAepKaimiC^ 6onbiuoe KOJiUMecTBO KUcnopoAa, 
Vim Ao6aBnnioT Al 2O3. MTo6bi yMeHbUJMTb 
coAepKaHvie Y2O3. C Apyrofl CTopoHbi, npn 

BblCOKOM COAep)KaHMM 

Y 203^(203 BoccTaHasJiMBaeTCfl 
AonojiHMTe/ibHoe Ko/itinecTBO Y2O3 mjim 
CHuxcaercs rewnepaTypa cneKaHnn. Kpowe Toro, 
coABp^KaHne AI2O3 mo;kho noBbicMib nyreu 
yAaneHMfl canayiou^ero Beu^ecTBa b aosAyxe. 

HTo6bi coAeRcTBOBaTb cneKaHwo, b 
nopoiuKOBbiA MarepMaji HvirpnAa a/noMkiH^n 

BBOART. HanpVIMep, OKCMA MTTpun. OKCMA 
ariOMMHMfl. OKCMA MarHHA MJ1M OKCMA 

peAKoaeMerbHoro ajieMeHra b KOfiMnecTBe or 
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npuMepHo 0,5 ao npMwepHO 10 Mac.% 
OTHOcme/ibHO nopoujKoaoro Marepnana. 
OopMOBanne ocyi^ecTB/iflJOT, Mcnojib3yfl 
opraHMHecKoe cBnsyioii^ee Bei^ecTBo. KaK 
HanpuMep. 6yTnpaji m/ih MeTMnuermiojio3y, a 
noc/ie yAa/ieHMfl CBflsyioinero BeinecTBa 
cneKaHne ocyinecTB/inicT npn noMemeHMM 
ctx)pMOBaHHoro npoAyKTa b HeoKMcnme/ibHyio 
aTMOcc|)epy, HanpuMep. aaora mjim aprona npM 
TeMneparype ot 1700 ao 1900°C b Tenenne or 
1 AO 12 H. 

TonmnHa KepaMimecKov^ noAno>KKn o6bNHO 
cocTaanneT 0,635 mm, ho ee mo)kho nsMeHflTb b 

COOTBerCTBMVI C Tpe6yeMblMkl CBOMCTBaMM. 

HanpuMep, b cnyHae KorAa ren/iOBoe 
conpoTMBJieHkie qa/inercn cyiMecTBeHHbiM, a 
AM3JieKTpkiHecKkie cBof^cTBa npkt BbicoKOM 
Hanpn>KeHkiM He nannioTcn croiib Ba>KHbiMki, 
MOKHO McnonbSOBaTb TOHKyjo noAno)KKy 

TOJllUMHOt^ OT 0.5 AO 0.3 MM. C ApyrOM CTOpOHbl, 

B cnynae KorAa conpoiMBneHMe ki30Ji5ii4Mii np^ 
BblCOKOM Hanpq>KeHviM mjih xapaKTepkicTMKii npki 
HacTMHHOM pa3pnAe nBnnK)Tcn cyi^ecTBeHHbiMki, 
MOJKHO Mcnojib30BaTb TOJicTyK) noAno)KKy 

TOniMMHOM OT 1 AO 3 MM. 

Hn>Ke 6yAeT noncHen cnoco6 n3roTOBJieHMfl 
noATioMKM corriacHo MaoBpeTeHHK). 

noAno)KKy cxeMbi comacHO M3o6peTeHMio 
oOpasyioT, nanpuMep, nyTeM npHcoeAMHeHun 
aJiK)MMHMeBOi^ njiacTMHbi uni/i nnacTkiHbi m 
ajiioMMHMeBoro cnjiaaa k KepaMMMecKof^ 
noAno>KKe npn Mcno/ibaoBaHMH BbiiueyKa3aHHoro 
CBn3yK)ii^ero MaTepvia/ia Tkina Al-Cu c 
HarpeBaHMeM n nocneAyK>iAMM TpaBnenvieM kiriki 
nyTeM npMcoeAHHeHUfl pucyHKa cxeMbi, 

UJTaMROBaHHOro \A3 aJliOMMHkteBOt^ n/iaCTMHbl 

VIJIV1 nnacTMHbi m a/iKSMMHMeBoro cn/iaBa. k 
KepaMMMecKoi^ noAno)KKe npn Mcnonb30BaHviki 
BbiLueyKaaaHHoro CBnayiou^ero Maiepnana mna 

Al-Cu. 

B JiK)6oM cnynae TGMnepaTypa 
npMCOeAMHeHMP naxoAHTcn b A^iana30He ot 540 
AO 640°C. OAHaKO b saBHCMMOCTM OT cocTaaa 
CBnayicmero MaTepnara Hy)KHbii^ AnanasoH 
nanneTcn MHbiM. B cnynae KorAa Ao6aBneHHbii4 

KOMHOneHT HMeeT OTHOCWTe/lbHO HUSKyjO TOHKy 

n/iaaneHMfl. KaK. nanpuMep, Zn win In, mjim 
coAep>KaHMe, HanpMMep, Cu mjim Mg, na/ineTcn 
OTHOCMTeribHO BbJCOKMM, npMcoeAMHeHMe 
yAoaneTBOpMTe/ibHO ocyu^ecTanneTCfl npM 
TeMnepaType caMoe 6onbiuee 600 °C. C APyrotH 
CTopoHU. ecHM TeMnepaTypa npMcoeAMHeHMn 
npeBbiLuaer 640^, aepoflTHbiM peay/ibTaTOM 
^ABT nonaneHMe Aect)eKroB na(^KM (3ct)ct>eKT 
"MabeAeHHbOc Monbio" yHacTKoa, o6pa3yiou4MXCfl 
Ha ajiioMMHMeBOM pMcyHKe cxeubi). Kpoue roro. 
BO spem npMoosAMHeHMfl npoAnoHiMTe/ibHO 
npMKnaAMBaTb A^oneHMe ot 1 ao 100 ktc/cm^ b 
HanpaaneHMM. nepneHAMKynnpHOM 
KepaMMMecKOM noAnoirace. 

npM TpaAMLAMOHHOM MarOTOBTieHMH noAno)KKM 

GxeMbi, KorAa MeiajiriMHecKyio ruiaciMHy 
npHcoeAMHnioT k KepaMMMecKOM noAnoMCKe, k HeR 
npMKna/v>iBaioT AaojieHMe nyreM noMeiMeHMfl Ha 
Hse rpyaa. OAHaKO 3to AaaneHMe oocTaBuneT 
cauoe Sonbiuee npMMepHO 0,1 ktc/cm^, m npM 
A9BJieHMM TaKoro ypoBHn Ha MeTa/uiMMecKoif 
nnacTMHe 6yAyT ooxpaHflTbcn oTHocHTenbHo 
He6oiibiuMe MCKpMB/ieHMn m BonHMcrocTM. C 

Apyroif CTOpCHbl, B HaCTOni^eM M306peTeHMM 

npMKnaAbiBaioT BbicoKoe AaoneHMe or 1 ao 100 
KTc/cM^. KOTopoe HaMHoro Bbiiue, MeM B ypoBHe 
rexHMKM. RodTOMy craHAapTHyio KepaMMMecKyio 
noAHOJKKy McnonbayioT HenocpeACTBeHHO 6e3 
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co6nioAeHMfl o6fl3aTejibHwx crporux 
Tpe6oBaHMC^ oTHOCMie/ibHO rnaAKOCTM n 
njiocKOCTHOCTn. BcneflCTBue nero 

npOMSBOflMTejibHOCTb BoapacTaer. nocKOJibKy 
KepaMUMecKne noAno)KKn nweiOT BbicoKyio 
npoMHOCTb Ha OKaine, hx rpyAHO noBpeAMTb 
AaeneHMJiM aroro ypoBHfl. OAHaKO, nocKO/ibKy 
KepaMMMecKaw noAno)KKa nMeer HeGonbUJMe 

HCKpHB/ieHMfl M BOJIHUCTOCTH. cyi^GCTByeT 

onacHOCTb pacu^en/ieHvifl, ecnvi AaBneHMe 
npesbiiuaeT 50 kfc/cm^, oco6eHHo ecnn 
AaBJieHvte, npH/io}KeHHoe k HeM, npesbiLuaeT 100 
KTc/cM^, M nosTOMy onepai^kiK) cneAyeT 
ocymecTsnfrrb ocropojKHO. 

CaM no ce6e A1 mjim anioMMHMeBbi^ cnnae 
JiBJiReTcn oseHb M«rKviM MerajuioM npw 
TeMneparype, no MeHbiuet^ Mepe. 500°C. hto 
BbiflCHeHo 143 oScTOflTenbCTB ero oTjKura npn 
TeMneparypax or 300 ao 350°C. noaroMy pime 
ecn\A B coeAMHeHMM oSpaayioTCfl fxe^KTb^ 
nai^m, ohm 6yAyT CMflTbt m kicMesHyr npM 
npvinoxeHHM k HeMy A9BneHi«in or 1 ao 100 
KTc/cM^. CneAQBaTe/ibHO, KorAa Ba;KHO CBecTki k 
MMHkiMyMy A6c|)eKTbi naftioi, cBsi3aHHoe iAzaeme 
npeABapMTe/ibHo HaipeaaioT ao TeMneparypbi, 
no MeHbiue£4 Mepe. 400^0 c npM/ioKeHMeM k 
HBMy /x3tBnem9\ nocne np^cooAi^HeHMfi binki 
nprncnaAbiBajoT Aas/ieHne k HeMy npn 
TeMneparype, no Menbiuei^ Mepe, 400 °C na 
craAMM oxna)KAeHMfi nocne npucooAHHeHUfl. 

QaBneHkie npuixnaAbiBaioT b HanpaBnenviM, 
nepneHAMKyjiflpHOM k KepaMUHecKOM noAno;KKe. 
M A^fl cnoco6a npmio>KeHMfl net oco6bix 
orpaHMMehnC^. HanpuMep, ncnoribayK)! cnoco6 
noweineHMfl na nee rpyaa n/in cnoco6 
MexaHbiMecKoro 0opivioBaHki» aaioifOHeHHoC^ 
Me>KAy cnoflMM nop^omm c npuMeHeHneM, 
HanpHMop, 3a)KMMHoro npMcnoco6jieHMfl. 

CBflayiomnW Marepnan npeACTaB/iflei co6oi^ 
cnnae inna Al-Cu unw CMecb, ccAep)Kaii;yK) A1 m 
Cu. npeAnoHTurenbHO - (ponbry na cnnasa Tuna 
Al-Cu, 6onee npeAnoHTMTenbHO • cjMDnbry na 
cnnaaa Tuna Al-Cu-Mg. coAep>KaiAero, no 
MeHbUjet^ Mepe, 86 Mac.% A1, or 1 ao 6 Mac.% 
Cu 14 caMoe 6onbLuee 3 Mac.% 
(npeAnoHTMTenbHO or 0.2 ao 2 Mac. %) Mg (Sea 
O). KpoMe Toro. mo)kho ncnonbaoBarb naciy, 
coAepKamyio nopoiuoK aroro cnnasa nnn CMecb 
MerannMMecKMX nopoiuKOB, nMeraiMyio cociaB 
dioro cnnaaa, i4 opraHMHecKoe cenaytou^ee 
Beu^ecTBo, a raioKe pacTBopkirenb. B 9T0m 
cny^ae onepauMio ocyiuecTanniOT ocTopoKHO 
Ann npeAOTBpau^eHMR OKMcneHMn Meranna, a 
Koni4MecTBo KucnopoAa b MeTanjiMMecKOM 
nopoujKe perynnpyioT raK, MTo6bi oho 6bmo 
MaKCMMaiibHO 1 Mac.%, npeAnoHTi4TeiibHO 
MaKCi4ManbH0 0,8 Mac.%. KpoMe roro, mo6bi 
ooxpaHMTb BbiujeyKaaaHHyio CBnab no 
oTHoiueHMio K ToniMMHe amoMUHkieBoro p^cyHKa 
cxeMbi, TOJiu^MHy CBflayioi^ero MaTepi4ana 
paccMMTbieaiOT KaK Tonu^kiHy cpojibm us cnnaaa. 
A biMeHHo, ToniMMHa 100 mkm cnon nacTbi, 
me\ou\ei^ oS'beMHyio nnoTHocTb 50%, 
oooTBeTCTByeT T0iiii;iiHe 50 mkm ct)onbrM m3 
cnnaaa. 

CBflayiou^Mf) Marepkian moxcho pacnono)ici4Tb 
nM6o Ha KepaMkiMecKof) noAno}KKe, nM6o na 
MeTanjiMMecKoi^ nnacTMHe, ni46o na pi4cyHKe 
cxeMbi. KpoMe Toro. MeTanntiMecKyio nnacTMHy 
i4nM pi4cyH0K cxeMbi MO)KHO npeABapMTenbHO 
nnaKMposaTb 4)onbFOM m cnnaaa. 

B cnyMae HaAo6HocTi4 aareM ocyLi^ecTBn^iOT 
TpasneHMe CBflsaHHoro \A^nm. nocne 
TepMOKOMnpeccMOHHoro npvicoeAMHeHM5i 
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pMcyHKa cxeMbi nnn rennooTBOAfliMef^ nnacTMHbi 
TpaaneHne ne qsnflercn oco6o Heo6xoAMMbiM. 
TpasneHne mo;kho ocyu^ecTBHTb. ncnonbayfl 
oSbmHbiC^ npouecc TpasneHMfl peancra. KpoMe 
Toro. B cnynae HaAo6HOCTM mo)kho ocyiMecrsMTb 
o6pa6oTKy noBepXHOCTM. iok nanpuMep, 
aneicrponm'kiHecKoe oca^KAeHne. 

npeAnoMTMTenbhbiMM ycnoBHWMM 
ocyiuecTBneHMfl repMOKOMnpeccnoHHoro 
npMcoeAMHeHkin b HacTonu^eM viao6peTeHi4ii 
qsnflioTCfl TaKMe, hto b KanecTse cBflayjomero 
MaTepnana ncnonbayioT ct)onbry na cnnaaa Tuna 
Al-Cu, MMBiou^yio Tonu^MHy ot 15 ao 35 mkm. 
npMKnaAbiBaiOT AaBJienne ot 8 ao 50 ktc/cm^, 
Bbi6MpaiOT TSMnepaTypy 
TepMOKOMnpeocviOHHoro npucoeAi^HeHkin, 
paBHOf^, no MeHbiuei^ Mepe, 590^C ki apeMq 
BbiAep)KKvi npki 3T0M ABBneHMM, cocTaBnflK)u^ee, 
no MeHbLuef^ Mepe, 20 mmh npM aroi^ 
TeMneparype npucoeAnneHUfi, a peaynbrare 
Hero MOJKHo nerKo nonynnTb TsepAOCTb no 
BviKKepcy Ann amoMMHMeaoro pvicyHKa cxeMbi 
caMoe Sonbiuee 16 kpc/cm^. Bonee 
npeAnoHmrejibHo, kofa? Bbwp}KKy 
ocyu;ecTBnflK>T npM TeMneparype or 595 AO 
635 oq q xeMeHne or 20 ao 90 mmh. 

MexaHM3M. nocpeACTBOM Koropono 
TBepAPCTb no BMKKepcy CHMXcaercn a 
HacToniAeM MdoSpereHMM, He ooBceM noen b 
Aerannx, 3aflBMrenb CMMraer. mto, nocKonbKy 
repMOKOMnpeocHOHHoe npMcoeAMHeHHe b 
HacToniAeM MsoSpereHMM ocyiMecTBnniOT npM 
HaMHoro eonee BbiooKof) TeMneparype no 
cpaBHeHMK) c o6biMHofl reMneparypofl ovmxa, 
cocraanRiou^ef^ or 300 ao 350^0, A1 HaxoAMrcn 
B OHeHb MniKOM oocTosiHMM, B pesynbTare nero 
AaBneHMe, aeponrHo, nepeAaercn paBHOMepno, 
M noaroMy nQAasnflercfl pocr MacTMU. 

HM}Ke M3o6pereHMe onMCbiBaercn Gonee 
noApo6HO CO ccbinKaMM Ha npMMepbi. OAHaKO 
caMO co6ot^ paayMeercfl. mto MaoSpereHMe ne 
orpaHMHMBaercn npMB^AeHHbiMM KOHKperHbiMM 
npMMepaMM. 

ripMMepbi c 1 no 6 M cpaBHMrenbHbie 
npMMBpbi c 1 no 3 

□onyHeHHyio cneKaHMeM noAno)KKy m3 
HMTpHAa anioMMHMn McnonbsosanM 
HenocF>eACTBeHHO 6e3 nocneAytou^eH 
o6pa6orKM, kbk nanpMMep, nonnpoBKM 
noBepXHOcrett MnM ycrpaneHMn Kopo6neHi4fl. m 
OHa MMena roniuMHy 0,635 mm, paaMep 6,45 
CM ^, yAenbHyjo rennonpoBOAHOcru 1 70 Br/M#K 
M npOHHOCTb Ha MarM6 400 Mfla. KpoMe roro, a 
KanecTBe anioMMHMeBoi^ nnacTMHbi A^n 
o6paaoBaHMn anK)MMHMeBoro pi4cyHKa cxeMbi 
Mcnonb30BanM anK)MMHMt^ 5^nc 1090 (ronu^MHa 
0,5 MM, HMCTOTa A1 99,9 Mac.%). 

CHawana anioMkiHMeBbie nnacTMHbi 
HaxnaAbiaanM Ha nepeAHioto m aaAHioio cropoHbi 
noAno>KKM m3 anioMMHMfl HMrpnAa. Mcnonbayn 
CBflsyiomMft Marepnan, m nonyneHHyK) c6opKy 
3aKni0ManM Me)KAy nnacTMHaMM m3 
KOMnoaMi^MOHHoro MarepMana na ocHoae 
yrnepoAHoro BonoKHa m Kap6oHM3vipoBaHHof^ 
MarpML^bi (ronu^MHa 2 mm) m Harpeaanii ao 
TeMneparypbi or 550 ao 620°C b BaKyyMe unM a 
N2 npn paBHOMepHOM npMnoxenuM k neC^ 
AaBneHMq b HanpaaneHMM. nepneHA^^KynnpHOM 
KepaMi4HecK0M noAnoKKO, c noMoiMbio ycraHOBKM 
Ann ropnnero npeccoeaHnn. 

B Kanecrae cenayioLi^ero warepnana 
McnonbaoBann oamh Marepnan m3 (a) cfwnbrM na 
cnnaaa A1-9.5 Mac.% Si-I Mac.% Mg, (b) 
(|)onbrM M3 cnnaaa A1-15 Mac.% Ge, (c) ct)onbrM 
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M3 cnnaea A 1-4.1 Mac.% Cu-0,5 Mac.% Mn, (d) 
ctx)JibrM n3 cnnaea A1-2,8 Mac. % Cu n (e) m3 
nacTbi, coAep>KaL4eM nopoiuoK, nonyHeHHbif^ 
pacnbirieHHeM BbiiueyKaaaHHOM 4)onbrki (c) kia 
cnnaea e N2 AO o6pa3oeaHkiq ^acTMt4 co 
cpeAHkiM pa3MepoM 10 mkm, a raioKe 
opraHvmecKoe cBR3yK)L^ee eeu^ecTBO 
(nonMM3o6yTMneHMeTaKpMnaT) m 
pacTBopMTenb(TepnMHeon). 

flnfl Ka)KAoro npuMepa npuroTaenneann 100 
coeAMHeHHbix ki3AenM(^, a HapyiueHvifl 
repMOKOMnpeccMOHHbix coeAMHeHkif) m A^^exTbi 
naeK MCcneAoeann npn rpexKpaTHOM 
yeennneHMM c ncnonbaoBaHneivi MflfKoro 
peHTreHOBCKoro nanyMeHi/ifl. HidkhuS^ npeAen 
o6Hapy)KeHkin cocraen^in npkiMepHO 0,3 mm e 
AnaMerpe. KpoMe Toro. An« Ka>KAoro npuMepa 
ewSnpann 10 MSAenut^ m hx rpaeneHMe 
ocymecTen^nn e pacTBope FeCIa e npeAenax 
yMacTKa, orcTOflmero Ha 2 mm ot nepuctjepnn 
Ka)KAOi^ aniOMMHMeBoi^ nnacTMHbi Ha. Ka)KAOM 
MSAenMH, Ha kbwom ee cropoHe ocsomonvi cnoM 
Ni-P Tonu^MHOfl 3 mkm, a sareM abb KpeMHMeBbix 
icpMcranna nnoi^aAbio 12,5 mm^ npiinaMBanM hb 
MeHTpanbHylo ^acTb nepeAHeR CTopoHbi c 
noMOU^bio 3BTeKTMHecKoro npkinofl. a 
npoTMBonono}KHyK) cTopony npkinaMBanM k 
TennooTBOAy H3 Al/SiC. Ha Ka)KAof* cTopone 
ToniAMHa naMKM cocraenflna 150 mkm. 

riocne 3Toro npoeoAnnw lepMOL^MKnMMecKMe 
ncnbiraHMfl e Te^eHne 3000 umcnoe m 5000 
qMKHOB, Ka}KAbiC^ uyiKn npoAon}Kancfl 30 mmh npvi 
TeMneparype -40^0. 10 mmh npM KOMHarHott 
TeMneparype, 30 mmh npii 125^0 m 10 mmh npM 
KDMHaTHoC^ TeMneparype, npM 3tom 
KOHTponMpoeanM noqBneHMe raKMX A04>eKTOB. 

IQK BaAYTMfl M OTCnaMBaHMfl. a HanMMMS mjim 

OTcyTCTBMe TpeuiiMH naeK onpeAen^inM nyreM 
MGcneAQBaHMn nonepeMHbix ceMeHMi^ rpex 
noAnoKeK cxeM. SareM cxeMHbie MacTM KsoKppi^ 
M3 ceMM noAnoKeK ocbm pacTBopnnM, HTo6bi 
onpeAenMTb HanMMMe unM oTcyrcTBMe rpeu^MH c 

nOMOlUblO MapKMpOBKM (KOHTponb B KpaCHOt) 

o6nacTM cneKrpa). PesynbTaTu noKaaaHbi a 

Ta6nMLJie 1 . 

npMMep 7 M cpaBHMTenbHbiCi npwMep 4 
noAno)KKM cxeM MsroTaenMBanM reM Me 

caMbiM cnoco6oM, xaK b npMMepe 2 MnM b 

cpaBHMTenbHOM npMMepe 2, aa MOOiioMeHMeM 

TOrO. HTO BMeCTO nQAnO;KKM M3 HMTpMAB 

anK)MMHM$i MononbaoBanM noAno)KKy ms HMTpMA^ 
KpeMHMfl (Tonu^MHa 0,635 mm. paaMep 6,45 
CM ^. yAenbHafl rennonpoeoAHOcTb 70 Bt/m«K, 
npoHHOCTb Ha vi3rM6 800 Mfla). llonyHeHHbie 
noAno}KKM cxeM oueHMeanM tbkmm mb o6pa30M, 
KaK M B npMMepe 1. Peaynbrarbi noKaaanbi b 
ra^nML^e 1 . 

KaK flCHo M3 Ta6nMi4bi 1 . e npMMspax c 1 no 
7 M3o6peTeHMfl repMOKOMnpeccnoHHoe 
coeAMHeHMe MMeno sbicoKoe KanecTBO. a 
noAno^KKM cxeM nonywanMCb npo^HbiMM Aa>Ke b 
N2, TorAa KaK e cpaeHMrenbHbtx npMMepax 
Ha6n>0AanMCb MHoroMMcneHHbie noBpe>KAeHMfl. 
a npoMSBOAMienbHocTb 6bina nnoxoi^. KpOMe 
Toro, HBOKMAaHHo OKa3anocb. hto 

XapaKTBpMCTMKM B npMMOpaX HBCTOfll^erO 

vi3o6peTeHkin conocraBMMbi c xapaKrepMCTMKaMH 
B cpaBHMxenbHbix npMMepax. 

KpoMB Toro. ct)onbra (a) m (b) m3 cnnaeoB, 
Mcnonb30BaHHa» b cpaBHMienbHbix npMMepax, 
MMena cocraB, onucBHHbitl e IP-A-3-1 25463 A, 
Ko OHa MsroTaenMBBBTCfl hb 3aKa3 m 
OTcyTCTByer b npoAa)Ke b bmao cponbfM m3 
cnnaBOB, m nosTOMy TpyAHOAOCTynna. C Apyrofl 
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CTopoHbi, cjDonbra (c) m3 cnnasa. 
Mcnonb3oeaHHafl e npMMepax, nenneTcn 
npoMbiLuneHHbiM npoAyKTOM, nonynenHbiM 
nyrsM ct)opMOBaHMfl cnnaea 2017 b c|)onbry. m 
OHB flen^BTCji ppcjynHoih npM HMaKoR 

CTOMMOCTM. 

ripMMepbi c 8 no 12 

AnioMMHMeBbie nnacTMHW (MUCTora, no 
MeHbujeM MBpe, 99.99 Mac.%, Tonii^MHa yKasana 
B Ta6nMue 2) HaKnaAbiBanM Ha nepeAHK)K) m 
3aAHioio CTopony noAno)KKM M3 hmtpmab 
aniOMMHM$i (ToniuMHB 0,635 mm, pa3Mep 6.45 
CM 2 y^enbHan lennonpoBOAHOCTb 175 
Bt/m«K, npoHHOCTb Ha MarM6 b rpex roHKax 
420 MDa) nepea nocpeACTBO CB^iayiou^ero 
MBTepMBna, m k hmm npMKnaAbiBanM AaaneHMe b 
HanpaaneHMM. nepneHAMKynsipHOM noAno)KKe m3 

HMTpMAB anK)MMHMfl, C nOMOU^bK) 3a)KMMHOrO 

npMcnoco6n6HMfl. b KoropoM ymBpoAHUB 
nnacTMHbi 6btnM aaxpenneHbi hb bmhtbx m 
ABBMnM hb noAnoKKy. YcnoBMn 
repMOKOMnpeocMOHHoro npMcoeAMHeHMfl 
noKaaaHbi b raSnML^e 2. B KBMecTBe canayiou^ero 
MBTepMBna McnonbaoaanM (f) ct)onbry m3 cnnaea 
A1-3,9 Mac.% Cu MnM (g) nacry, nonyMeHnyio 

TBKMM Cn0C060M, npM KOTOpOM (pOnhTy (f) M3 

cnnBBB pacnbinnnM a N2 AP hbctml^ co cpeAHMM 
paaMepoM 9 mkm, HaciML^bi, MMeiou^Me paaMepbi 
45 MKM MnM MeHbiue, ynaanMBanM m k hmm 
AoGaennnM Ann nonyneHMn nacibi opraHMMecKoe 
CBn3yK}uiee seu^ecTBO m pacTBOpMrenb. 

riocne repMOKOMnpeccHOHHoro 
npMCoeAMHeHMq hb yABJi^BMbifl peaMCi 
npoBQAMnM Tpa(t)apeTHyio neMBib, aa Koropotf 
ocyu^ecTBnfUiM TpaenenMe c noMoiMbKi pacTBOpa 
FeCl3. MaoCpaxeHMflMM pps\ anK)MMHMeBbix 
PMcyHKOB cxBM M TBnnooTBOA^u^ei^ nnacTMHbi 

6binM KBBAPBTbl (pBAMyC KpMBMaHbl R 2 MM). 
06pa30BBHHbie B L^BHTpanbHOi^ HBCTM 

KepBMMHecKof^ noAnoKKM. i/lx pasMepbi 
M3MeHflnM paanMSHbiM oOpaaoM, MTo6bi aaABTb 
OTHoaieHMB 06'beMB anioMMHMeBoro pMcyHKa 
cxeMbi K o&beMy rennooTBOAflu^ei^ nnacTMHbi, 
yKaaaHHoe b raenMi^e, 2. SareM pesMcru 
yAannnM m hb Ka)KAyio cropoHy 

aneKTponMTMMBCKMM 0CB)IQ[ieHMeM Ni-P 
HBHOCMnM nOKpblTMfl TOnU^MHOH 3 MKM, HT06bl 

nonyHMTb nQAno)KKy cxoMbi. 

klaMepnnM raepAOCTb no BMKKepcy 
nonyMeHHbix noAno)KeK cxbm. Hocne aroro k hmm 
npMOoeAMHflnM c noMO^bK) ynbrpaaeyKOBOi^ 

CBBpKM aniOMMHMeBbie npOBOAHMKM TOnU^MHOfl 
300 MKM, a K UBHTpanbHOd MBCTM npMnBMBBnM 

KpeMHMeBbii^ KpMcrann nnou^aAbio 13 mm^. 
SareM 3tm nonyMennbie o6pa3L^bi noABepranM 

TepMOL^MKnMMeCKMM MCnblTBHMSIM TBKMM JKB 

o6pa30M, KBK M B npMMepe 1 . Hocne McnbiiBHMn 
KOHiponMpoaanM HanMHMe MnM OTcyrciBMe 
orcnBMBBHMn npoaonoMHux BbiBOAOB. 
npMcoeAMHeHHbix lepMOKOMnpeccMBf^, MnM 

Ae4)eKT0B. TBKMX KBK ipeU^MHbt nBBK, B SBieM 
pUCyHKM CXBM M TennOOTBOARLUMB nnacTMHbi 

pacTBOpJinM B xnopMCTOBOAopoAHoft KMcnoie. 

MT06bl MMBTb B03M0)KH0CTb 06HBpy}KMTb 

HanMMMe MnM oicyicTBMe rpeiMMH b noAno)KKBX 
M3 HMTpMA^ aniOMMHMfl. PeaynbTBTbi noKaaBHbt b 
TB6nML^e 3. 

Kbk sicho Ma TB6nMM 2 m 3, npoBonoHHbie 
BbiBOAbi, npMcoeAi^HBHHbie lepMOKOMnpeccMeC), 
M noKpbiTMfl HB noapeAMnMCb Afa^B nocne 

lepMOUMKnMMeCKMX MCnUTBHMA B TeHBHMe 5000 

L^MKnoB. a Tpei^MHy rbbk m b nop^omox Ma 

HMTpMAB KpBMHMfl MO}KHO CBeCTM AO MMHMMyMB 

nyTBM MaroToaneHMfl anioMMHMBBbix pMcynKOB 
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cxeM c ToniuMHOM, no MeHbiueki Mepe, 100 mkm m 
c TBepAOCTbK) no BMKKepcy caMoe GonbLuee 15 

KTC/MM^. B MaCTHOCTM, KSK PCHO M3 CpaBHeHMfl 

npuMepoB 8. 10 M 11 c npuwepaMU 9 n 12, 
BbtiueyKaaaHHbie 3c|)cpeKTbi craHOBH/incb 
cyL^ecTBeHHbtMM, KorAa To;iii(MHa 

aniOMkiHMeBoro pMcyHKa cxeMbi cocTBBnsuia or 
150 AO 300 MKM, a oTHOLueHMe o6-beMa 
axiioMMHkieBoro pMcyHica cxeMbi k o&heMy 
rennooTBOAJ^iMeW nnacTMHbi (o6"beM pucyHica 
cxeMbi/oO'beM TenjiooTSQAHiMefi nnacTMHbi) 
6bino OT 0,8 M AO 1,2. 
npHMepbi c 13 no 18 

rioAnoKKn cxeM M3roTaBni4Banvi Ha ocHOBe 
noAno)KeK m HurpMAa antOMi/iHun, 
ncno;ib30BaHHbJX b npuMepe 1 . tbm >Ke caMWM 

CnOCOOOM, MTO M B npMMGpe 1, 3a MCKHJOHeHHeM 

Toro. MTO antoMMHkieBbie nuacTkiHbi 
(BbinycKaeMbie npoMbiiujieHHocTbK) M3AenMfl). 
cBfl3yioii^Mf^ Marep^an m yc/iOBM^ 
TepMOKOMnpecckioHHoro npi^coeAt/iHeHi'ifl 6bijii4 
raxMMM. KaK noKasaHHbie b Ja6mu,e 4, a oi^eHKH 
ocyinecTBJiflnn laKUM >Ke o6pa30M, kbk b 
npuMepe 1 . Peay/ibTaibi noKaaaHbi a Ta6jim^e 5. 

KaK ncHO M3 cpaBHeHMfl Ta6nkiubi 1 c 
Ta6m[\aMV\ 4 m 5, npn Mcno/ib30BaHMM 
CBfl3yioi^ero Marepna/ia, c»Aep>KaiAero, no 
MeHbLuet^ Mepe, 86 Mac.% A1 , or 1 ao 6 Mac. % 
Cu VI caMoe 6ojibLuee 3 Mac.% Mg (6e3 O) 
noAno)KKVi cxeM xapaKrepnayioTcs BbJcoKMM 
KaMecTBOM TepMOKOMnpeccMOHHoro coeAHHeHMfl 
6e3, HanpMMep, nycTOT, npM 3tom, no 
cymecTBy, Her m rpeinnH naeK, hm rpei^nH b 
noAno)KKax M3 HurpnAa KpeMHUfi A£W<e nocne 

TepMOL^MKHMHeCKHX MCnblTaHMp^ B TeMSHUe 5000 

i^MKnoB, a noAnoKKM i^MeioT BbicoKyio 
HaAe^KHocTb npM Tennosbix i^viKnax. 

KpoMe Toro. M3 cpasHeHMfl npHwepoe 13 m 18 
c npMMepaMU c 14 no 17 acho. mto c 
noBbJLLieHkieM MvicroTbi ajitoMkiHMBBOt^ nnacTkiHbi 
MMcno noBpejKAeHkiM BcneAciBvie 

B03HMKH0BeHMfl TpeinMH B noAno)KKax 
yMeHbujaercfl fxa^e nocne repMounKnHHecKHX 
HcnbiraHMv) b TeneHvie 5000 i^hkhob. B 
MacTHOCTM. KaK flCHO M3 cpaBHeHMP npuMepa 14 
c npMMepoM 15. BbiLueyKaaaHHbif^ 34)4)eKT 
craHOBi^Tcn cyL4ecTBeHHbiM. ecnM McnonbaoBarb 
nonyMeHHyK) npoKaTKoCi ajiiOMHHvieByio njiacTMHy 
MMCTOTOM. no MeHbiueM Mepe, 99.99 Mac.%. 

ripuMMHa. no KOTopof^ Han/iyHLiJuC^ 3Ct)C})eKT 
AOCTkiraeTcn b npkiMepe 15. saKmoMaercq b tom, 

MTO 6blJia 0nTMMM3Mp0BaHa TOJllAMHa 

CBflsyioi^ero Marepna/ia. Ha cpasHeHUfl 
npMMepa 16 c npMMepoM 17, b KOTopoM c/iof) 
CBfl3yioii4ero Marepkiajia 6bui roncTbiM, ^ro 
He6naronpki5iTHo An$i npeAorBpai^eHki^i rpeu^MH 
B noAnoxKax. ho MUCTora amcMMHueBoa 
nnacTMHbi 6bma Bbime, bmaho, mto b peaynbiare 
dToro Hbicno rpeiAkin b noAnoKKax 6buio 
MeHbLue. HeM B npMMepe 16. 
npMMepb! c 19 no 21 

M3roTOBJieHvie noAno)KKki \a3 Hi/irpkiAa 
aniOMkiHMn 

CoeAHHeHkie Y2O CMeiuMBa/iM c 
BbinycKaeMbiM npoMbioiJieHHocTbK) nopoujKOM 
HMTpv^Aa ajiioMviHwifl B nponopL^viki, yKaaaHHOii b 
Ta6nnL^e 6, k CMecM AoSaBriflnn opraHUMecKoe 
CBflsyioiAee seinecTBO h opraHnwecKnC^ 
pacTBOpviTejib. 3a KoropbiM cneAoaa/io 
3aMeLUMBaHMe. a CMScb ct)opMOBanM b moj c 

nOMOU^blO pOJIMKOBOf^ Ct)OpM0BOMH0i^ MaUJklHbl. 

JlMCT pa3pe3ajin, paspesannbie riMCTbi 
noKpbiBajiti ocjiaOrtflKDLi^kiM MarepkianoM 
(nopoiiiKOM HMTpv4Aa 6opa) M Hacna>iBa/iM Apy 
Ha Apyra, CBnayiOLi^ee eeii^ecTBO yff^^m npi/i 
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TeMneparype 450°C npM noHVDKeHHOM AaBneHUM 
OKono 1 Da H, KpoMe roro, npoBOAnnn 
AeKap6oHki3aL^i^K) b B03Ayxe. Ka)KAbJ^ oOpaaei^ 
o6)KMranM b aiMOc^epe N2 b pexuMe o6)KMra, 
yKa3aHH0M b Ta6/iML;e 6, c nonyMeHnew 

n0An0)KK11 4 M3 HMTpMAa KpeMHM^, MMBICLUei^ 

pasMep 40*40 mm m TO/iiAMHy 0.635 mm. fl/in 
nonyMeHHOM noAno?KKM m3 HMrpviAa B^^fmnm c 
noMoii^biO AMct}paKL^iiM peHTreHOBCKMX JiyMefl 

M3MepnnM OTHOLUeHUe RMKOB MHreHCMBHOCTM Ha 

noBepxHocTM, a yAexibHyio Ten/ionpoBQAHOCTb 
onpeAennnM cnoco6oM OAHOKpaTHoro 
paBHOBecHoro ncnapeHMfl npki Bo^ei^CTBMM 
MMnyjibCHoro ManyneHMfl nasepa. PeayjibTaibi 
noKaaahbi b Ta6jiMi;e 6. 

klsroTOBneHiie crpyKTypbi c noAnoxKaMM 
cxeM 

TennooTBOA 6 (BunycKaeMbif^ 

npoMbiujjieHHOcTbK) KOMnoaMUMOHHbiM Marepkiaji 
Al/SiC, viMeiou\MM paaMep 50 mm • 50 mm m 
TOJiiAMHy 3 MM) M aiiiOMMHMeBbijt pMcynoK 2 
cxoMbi (pMcynoK cxeMU nonyMajiM lUTaMnoBKOjt 
M3 BbinycKaeMoro npoMbiirnieHHOCTbic 
arK)MHHHeBoro MarepMana HkicroToi^, no 
MeHbiuei) Mepe. 99,99 Mac.%) HacnaMsanM na 
Ka)KAO(^ CTopoHe nojiyMeHHoC^ noAnoxcKM m3 
HMTpKAa ajiioMMHMfl nepea nocpGACTBO 
CBflayioLL^ero Marepiiaiia 3. 5, yKaaaHHoro b 
Ta6;iML^e 7, KaK aro noKa3aHO na cpMr.l. Ha 
(t)iir. 1 noskiuMeC^ 1 o6oaHaMeHa ymepcAHafl 
pa^nkirejibHan nriacTMHa. nonyHeHHoe 
MHorocno£^Hoe HarpsBajiM b neMM, 

MTo6bi ocyLuecTBMTb repMOKOMnpeocMOHHoe 
npHooeAMHeHMe c npkinoxceHkieM k HeMy 
AaoneHMfl a HanpaaneHMM. nepneHAMKyjinpHOM 

nCAnOKKB 113 aXIIOMMHMfl HMTpMA9> C nOMOlAbK) 

ymepoAHoro TonKaiou^ero cTep)KHfl npki 
bicno/ibaoBaHMki inApaBJiMMecKoR ycraHOBKH Ann 
OAHOoceBoro npecooBaHM$i. HaxQAniAeficH bhb 
neMM. TepMOKOMnpeccvioHHoe npMcoeAHHeHiie 
ocyu^ecTBnnjiM b aaKyyMe npM A3BneHiiM 
4 .lO"^ na (B neMH nepMOAMMecKoro Aei^cTBMfl) 
m)A B N2 (B ne^M nenpepbisHoro pj^^ojBm) b 
ycnoBMflx, yKasaHHbix b 736/1^149 8. 

COCTOflHUe lepMOKOMnpeCCMOHHblX 

coeAHHeHMM b nojiyHeHHot^ crpyKiype c . 
noAno>KKaMM cxeM kiccneAOBaxiM c noMOU^bio 
yjibipaaByKOBoro Aect)eKTOCKona BwcoKoi^ 
MacTOTbi (yflBM), n repMOKOMnpeccMOHHoe 
coeAMHeHiie. b KoropOM o6Hapy}KkiBancn 
HecB^aaHHbif^ ynacroK, MMetoiAiif^ A^aMerp 1 mm 
M/iM 6oribiue. h/im HecBR3aHHbiv^ ynacTOK 
nnou^aAbK). no MeHbiuef^ Mepe, 1%. 
OL^eHMBanocb kbk Aect)eKTHoe 

TepMOKOMnpeccMOHHoe coeAnneHMe. SareM 
Ka)KAbit^ o6pa3eu noABepra/iM 

TepMouMKnn«^ecKMM McnbiraHMflM b TeneHiie 
3000 i^MKHOB M 5000 L^kiKnoB, npki aroM Ka;KAbiA 
HMKH npoAO/i)Ka/in 30 mmh npn -40°C. 10 mmh 
npM KOMHaTHOi^ TeMnepaiype, 30 mmh npn 
125 °C M 10 MUH npn KOMHaiHof^ TeMneparype. 
nocne ^ero npoBOAnJin nccneAOBaHne, moSbt 
noATBepAHTb na/inMue hjim OTcyrcTBHe rpemnH. 
a 3aTeM cocro^tHkse repMOKOMnpeccMOHHbix 
coeA^HeHviM cHoea KOHTpojiMpoBajin c noMoi^bio 
y.nbTpa3ByKOBoro Aect)eKTOCKona BUCOKoi^ 
MacTOTbi. PeayjibiaTbi noKaaaHbi b Ta6nM4e 9. 

KaK flCHO H3 Ta6nm4 c 6 no 9, npn 
McnonbaoBBHUM noAno)KKM ms HurpnAa 
ariiOMkiHkin, nMeioLi^evi yAe/ibHyio 
Ten/ionpoBOAHocTb. no MeHbiueC^ Mepe, 130 
Bt/m.K m TaKoe OTHomeHne nHieHCHBHOCTeW 
nkiKOB A^ctDpaKL^Mvi peHTreHOBCKMX Jiy^ei^, mto 
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2 ^Y203,A1203,100/A1N<17 M 
2Y 203«A1203.100/A1N^2. nony^anncb 
CTpyKTypbi c noAno)KKaMM cxeM, 
xapaicTepki3yiou^Mecn BbicoKiiM KanecTBOM 
TepMOKownpeccnoHHbix coeflUHeHHf^ m 
viMeK>iMMe MBJio Tpeu^MH f\a>Ke nocjie 
TepMOLiMKnuMecKoro McnbiraHUfl b TeneHne 5000 

L^MKnOB. B ^aCTHOCTM. KBK cjieflyeT H3 npMMepoB 

19 M 21. MOKHO nonyHHTb crpyKrypbt c 
noAnojKKaMM cxew, nMejoinne HeMHoro 
flect)ein-OB repMOKOMnpeccnoHHbix coeAHHeHuR 
Aa)Ke npki Mcnonb30BaHi4M ynpoiMeHHOi^ neMki 
HenpepbiBHoro AencrBvifl. 
npMMepbi c 22 no 25 

AnjoMMHueayio n/iacTMHy ftnf anioMMHMeBoro 
pucyHKa cxeMbi n ajuoMUHneByio nnacrnHy Ann 
TenjiooTBOAfliMet^ nnacTMHbi HaKnaAbiBa/in 
cooTBercTBeHHO Ha nepeAHiOK) cropoHy m 
saAHioio cTopoHy noAno)KKM na HurpnAa 
anjoMMHMfl, Mcno/ibaoBaHHyio b npuwepe 8, 
Mepea nocpeACTBo cBflayioii^ero MarepMana, 
yioaaHHoro b Taeniae 10, m ocymecTB/iJuin 
repMOKOMnpeccMOHHoe npMcoeAMHeHMe npM 
ycnoBMflx npucoeAHHeHMfl. yKaaaHHWx b 
Ta6/im;e 11. 

(locne TepMOKOwnpeccMOHHoro 
npucoGAHHeHMfl npoBOAMJiM Tpa4)apeTHyio 
nenarb Ha rpaBviMbie peaMCTbi. nocne KOTopo^ 
ocyi^ecTBJiRjiM TpaaneHMe b pacraope FeCl 3. 
M3o6pa)KeHMfi na a/iioMMHkieBOM pMcyHKe m 
TennooTBOAnLuet) n/iacTMHe 6binii KBaApaiaMM 
(paAMyc KpMBM3Hbi R 2 mm). oOpasoaaNHbiMM b 
i^eHTpanbHofl nacTM KepaMMMecKoCt noAno)KKM. 
Mx paauepbi ki3MeHqjikt b lumpokmx npeAenax, 
MTo6bi saAaib OTHOiueHkie o^iieMa 
amoMMHueBoro pMcyHKa cxeMbi k o6^eMy 
renjiooTBOA^iMef^ n/iacTMHbi, yicaaaHHoe b 
Ta6;iML^e 10. 3aTeM pesMCTbi OTCfiaMBarn m aha 
nonyMeHMfl . noAnomcH cxeubi hb Ka)KAyK) 
cropoHy XMMMMecKHM nyreM HaHooinvi noKpbiTiie 
Ni-P Tonu^MHOi^ 3 mkm. 

flpM McnonbsoBaHMM HeicoTopbfx ms 
nonyneHNbix npAno}KeK cxeM aiiiOMMHHeBbiA 
pkicynoK cxeubi m TennooTBOA^u^io nnacTkiHy 
OTcnaMBa/iM Ann MSMepeHnfl mx TeepAocTM no 
BMiocepcy. KpoMe Toro, tcpeMHMeBbin KpMcrami 
njiOLMaAbio 13 mm^ np^naMBariM a L4eHTpanbHofl 

MBCTVI Ka}KAQf4 M3 HOKOTOporO KOJIHHeCTBa 

nomoMBK cxeM vi npoBOAMJiM 
TepMOL^L^KHMMecKoe vicnbiTBHMe cnoco6oM. 
yKaaaHHbiM b npnuepe 19. PesyjibTaru 
noKaaanbi s raCndue 12. 

KaK flCHo 143 cpaBHeHMR npuMepoB c 22 no 24 
c npMMepoM 25, Ann noAno;KeK cxeu, MMeiomMX 
oTHoujeHMe o6i>eMa aniOMMHMeBoro pMcyHKa 
cxeMbi K o6beMy TennooTBOAflu^eit nnacTMHe or 
0.80 AO 1.2 npM TBepAQCTVi no Bkiiocepcy 
ajiiOMMHMeBoro pucynKa cxeubi caMoe 6ojibUjee 
16 KTc/MM^ M TBepAOCTM no B^KKopcy 
Ten/iooTBOARiMei!f njiacr^Hbi or 19 ao 30 

KTC/MM ^, MQ)KHO cyu^ecTBeHHO yMeHbtUMTb 

MMcno rpeu^MH naeK m rpeu^MH b noAnoxKe piaiMe 
nocne 5000 i^MKnoe. 

B AaHHOM cnysae b npMMepax c 13 no 25 
CQAep)KaHMe Cu b cnoe, BicnioMaioLi^eM b oe6fl 
A1 M Cu B Ka}KA0M npMcoeAMHeHHOM 
TepMOKOMnpeocvieM cnoe. noAAep>KMBanocb or 1 

AO 6 MaC.% Ha OCHOaaHMII OL^eHKM OTHOLUeHMA 

nMKOB np\A aneMeHTHOM aHa/iMse b npoL4ecce 
MccneAOBaHMfl nonepeMHoro oeHeHMfl. 

B COOTBeTCTBMM C HaCTOflU^MM 

MaoGpereHMeM mo)kho CTa6MJibHO 

MaroraanMBaTb npn He6oribUJOi^ ctommoctm 
BbiooKOHaAe)KHyK) noAnojKKy cxeMbi. nptiroAHyto 
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Ann cviJioBbix MOAynei^. 

KpOMe TOrO, B COOTBeTCTBMM C HaCTOfllMMM 

n3o6peTeHMeM mokho M3roTaBnMBaTb 
Bb!coKOHaAe)KHyK) noAnoxKy cxeMbi c 
He6onbiiJviM Konii*^ecTBOM rpeii^MH naCtioi vi 
TpeiMMH B KepaMviHecKObi noATiOKKe. 

Bo/iee Toro, a cooTBeTCTBMH c HacTO«iMMM 
M3o6peTeHMeM mokho nsroTaB/iUBaTb 
BbicoKOHaAe>KHyK) crpyicrypy c noAnoKKOfi 
cxeMbi (noAnoKKy cxsMbi c rennooTBOAOM). 
MMeiOLMyio Heeojibtuyio Maccy m npeaocxoAHbie 
xapaiaepMCTbiKM orseAeHMfl TennoTbi. 

(DopMyjia M3o6peTeHkin: 

1. DoAnoKKa cxeMbi, coAep>KaiMafl 
KepaMMMBCKyfO noAnoKxy ki amoMkiHiieBbiR 
pMcyhOK cxeMbi, BbinonHeHHbif^ m3 ajuoMMHkin 
i^n\A ajDOMMNkieBoro cn/iasa, OTJiMHaiou;aflCR 
TeM, MTo anioMHHMeBbiC) pMcynoK cxeMbi 
npMcoeAMHeH k KepaMMMecKof) noAno}KKe 
nocpeACTBOM cnon. coAep}KaLMero Al h Cu. 

2. noAnoxKa cxeMbi. coAep)Ka^afl 
KepaMMMecKyio noAno)KKy m aniOMHHMeBbin 

pi4CyH0K cxeMbi, BbinOJIHeHHbli^ M3 aXIIOMMHMfl 

axiioMMHMeBoro cnnasa, OT/iimaioLi^aflCfl 
TeM, MTO a/iioMMHkieBbif) pMcyHOK cxeMbi 
npMcoeAMHeH k KepaMkmecKo^ noAno)KKe c 
noMOLMbio cBfl3yiou^ero MarepMana, a Ka^ecTBe 
KOToporo Mcnonb3yeTCfl cnnaa Tuna Al m Cu mhm 
CMecb, coAepKaLi^an Al m Cu. 

3. rioAnoKKa no n. 2, oinnMaiou^ancfl reM, 
HTO B KaHecTse CBfl3yK)inero Marepnajia 
McnonbsoBana 0onbra m3 cn/iaBa rnna Al-Cu. 

4. noAno)KKa no mo^oMy m3 nn. 1,2 win 3. 
OTJin'^aiou^aqcfl reM, mo KepaMkmecKan 
noAno>KKa npeACTaanfler co6of^ noAno>KKy m3 

HMTpMAa a/llOMMHMP M/1M nOAnO}KKy 113 HkiTpnAa 
KpeMHVIfl. 

5. noAnojKKa no Jiic6oMy M3 nn. 1-4. 

OTJlMMaKDli^aflCfl IBM. HTO KepaMMHecKafi 

noAno)KKa npeAcraBiifieT co6of^ noAno}KKy ki3 
HkirpMAa ariiOMkiHkifl, MMeioiuyio yAe/ibHyto 
ren/ionpoBOAHOcTb, no Menbujef) Mepe, 130 
Bt/m«K m MMeioiuyio TaKoe OTHomeHMe 
MHTeHCMBHOcrei^ nMKOB f})A<ppan\m 
peHTreHOBCKnx jiyMeCI, mto 

2 <Y2O3.Al2O3Xl00/AIN$17 \A 
2Y 2P3»A!203X100/AIN^2 na noBepxHOcm. 

6. nQAno}KKa no rio6oMy ki3 nn. 1-5. 
OTJiviMaiOLi^ancfl tbm, mto anioMMHMeBbiM pMcynoK 

cxeMbi. BbinOJIHeHHbli^ 113 aJIIOMMHkin HJIM 

aniOMMHMeBoro cn/iaaa, oGpaaoBaH npvi 
McnonbaoBaHMM Al, kiMeioii^ero hmctoty, no 
MeHbUjevi Mepe, 99.85 Mac. %. 

7. nQAno}iCKa no Jiio6oMy m3 nn. 1-6, 
orriHMaioLAaRCfl tcm, mto aniOMkiHvteBbifi pHcynoK 

cxeMbi, BbinOJIHeHHblft M3 aniOMMHI4n HJ1M 

BJiioMMHkieBoro cnjiaaa, o6pa30BaH npM 
Mcno/ib30BaHbiM npOKaraHHOfo Al, kiMeiou^ero 
HMCTOTy, no Mehbujei:) Mepe, 99,99 Mac. %. 

8. noAno)KKa no n. 1. ornnHaioinaflCfl reM, 
MTO nponopL^Hfl Cu b cnoe. C0Aep)Kau4eM Al m 
Cu, oocraBJifleT or 1 ao 6 Mac. %. 

9. noAno>KKa no n. 2 mtm 3, OTjiMMaiou^aflCfl 
TeM. MTO CBRsyiOLi^iiA MaTepvian coAep}KMT, no 
MeHbUje^ Mepe, 86 Mac. % Al , ot 1 ao 6 Mac % 
Cu M CBMoe 6onbUjee 3 Mac. % Mg (6e3 O). 

10. noAno)KKa no /iic6oMy via nn. 1-9, 
oT/iimaioutancfl tcm, mto amoMUHMeabiM pHcyHOK 

cxeMbi, BbinOJIHeHHbltil M3 antOMMHMfl MJIM 

anioMMHMeBoro cnjiaaa. MMeeT Tonu^MHy. no 
MOHbUjef) Mepe, 100 mkm m TaepAOCTb no 
BkiKKepcy caMoe 6ojibiuee 15 ktc/mm^. 

11. noAno^KKa no nioeoMy m3 nn. 1-10, 
OTHktMaioii^aflCfl TeM, mto ohb MMeeT 
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Ten/iooTBOA^myio nnacTMHy, BwnonHeHHyio m3 
anwMMHMfl nnn anioMUHneBoro cnriaea, 
oSpaaoBaHHyK) na KepaMH^ecKOf^ noAnojKKe Ha 
cTopoHe (aaAHeCi CTopoHe). npoTMBonono)KHOf^ 

CTOpOHe, Ha KOTOpOff 06pa30BaH aJIIOMMHMeBblR 

pucyHOK cxeMbi. 

1 2. noAno)KKa no n. 11, orriMHaioinaflCfl reivi, 
MTO OTHOLueHMe oGiseMa arifOMMHueBoro pMcyhxa 
cxeMbt K oO-beuy TennooTBOAnu^ef^ nriacTMHbi 
cocraenneT or 0,80 ao 1 .2. 

13. noAno)KKa no n. 11 nnn 12, 
OTHMwaioinaflCfl tbm. hto anjoMMHueebiM pMcynoK 
cxeMbi MMeer TBepAOCTb no Bi^Kxepcy, no 
KpaMHePi Mepe. 16 ktc/mm^. a rennooTBOA^i^an 
njiacTviHa MMeer TBepAOCTb no BMKKepcy or 19 
AO 30 kfc/mm^. 

14. Cnoco6 kiaroTOBneHkin noAno)KKM cxeMbi, 
saKHioHaioiMMC^cfl b tom. mto pacnojiarajoT 
anK)MiiHMeBbif4 pucynoK cxeMbt, BbinojiHenHbif^ 
M3 anioMkiHkin m^m ajiK)MMHi4eBoro cnnaaa, na 
KepaMMMecKoft noAno>KKe m coeA^H^ioT mx 
Me)KAy co6oR, 0TJiMMaK)i4Mt^cfl TeM, HTo Me)Kfly 
anK)MMHMe8biM pMcyHKOM cxeMbi H 
KepaMMMecxviM Marepkia/ioM paaMeu^aK)! 
CBflayioiJUnj^ Marepnan, b KaneciBe Koroporo 
McnojibayioT cn/ias Tuna Al-Cu nnn CMecb, 
coAepjKaiuyK) A1 m Cu, m HarpesaiOT 
nojiyHatou^ytocfl b peayjibrare cCopicy npki 
TeMneparype or 540 ao 640°C, npn 9tqm k nei^ 
npMKnaqbiBaioT AHBueHHe or 1 ao 100 
KTc/cM ^ B HanpaBneHMM. nepneHA^KyjifipHOM k 
KepaMMMecKO() noAno)KKe, Ann npkiooeAiiHeHkiq 

BbinonHeHHblX M3 aJUOMMHHfl MJIM aJIIOMMHMeBOrO 
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cnnaBa nnacTUHbi. pucyHKa win mx o&omx k 
KepaMMMecKOM noAnoKKe. 

15. Cnoco6 no n. 14. 0Tnma\o\ny\\AC9\ reM, 
HTO B KanecTBe CB^ayKDu^ero MarepMana 
McnojibaytOT (|)o/ibry m3 crmaea inna Al-Cu. 

16. Cnoco6 no n. 15, 0TnnHaK)i4nv^cfl TeM. 
HTO B KanecTBe CBaayioLi^ero MaTepna/ia 
ncnojibayiOT 0o/ibry na cnjiasa Tuna Al-Cu, 
nMeiOLHyio TOJiu^nny ot 15 ao 35 mkm, 
BbinoriHeHHbie m3 anicMMHM$i anK)MMHHeBoro 
cnnasa n/iacTMHy, pkicynoK nnn mx o6omx. 
MMeioinnx TOJiu^MHy. no MenbiueM Mepe, 100 
MKM, pacnojiaraJOT na tom hjim Apyroi^ CTOpone 
KepaMMMecKoi^ noAno)KKn nocpeACTBOM 
yKaaaHHoro CBflayioi^ero MaTepMa/ia. a 
nonynaioinyiocfl b peayjibTaTe c6opKy coAepxaT 
noA HarpeBOM npn TeMnepaType, no MeHbiueC^ 
Mepe, 590°C b Tenenne, no MeHbiueR Mepe, 20 
MMH. npMKnaAbiBaq k net^ Aao^eHi/ie ot 8 ao 50 
KTc/cM^ B HanpaB/ieHkiH, nepneHAviKyjinpHOM k 
KepaMMHecKOM noAno}KKe. 

17. Cnoco6 no n. 15 mjim 16, OT/inHawLMiiv^cfl 
TeM, HTO B KanecTse c|)o;ibrM na cn/iaBa Tuna 
Al-Cu McnonbayioT c^oxibry na cn/iaaa Tuna 
Al-Cu-Mg. coAepKauiyfO, no MeHbLuei^i Mepe. 86 
Mac. % Al. OT 1 AO 6 Mac. % Cu m caMoe 
6o/ibLuee 3 Mac. % Mg (6e3 O). 

18. Cnoco6 no nio6oMy m3 nn. 14-17, 
0TJiMHaK)U4vi(^cfl TeM. HTO nocjie npkicoeAMHeHbifl 

BbinOJIHeHHblX M3 aJIIOMMHMfl M/1M a;iK)MMHMeBoro 

cn/iaaa nnacTHHbi, pMcyHKa hhm mx o6omx k 
KepaMMHecKof^ noAno)KKe ocyu^ecTBHRioT 
TpaBneHMe. 
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TaOjiMua 1 
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Kepa- 

MMMd- 

Kafi 


M^pMan 


ycnoaim 
npMcoeAMHeHMsi 


CoeAUMeHHoe M3AenMe 
(4Mcno noBpeJKfleHHA 
Ha lOOMSAemA) 


nocne 3000 

MMOIOB 


nocne 5000 

L^KnOB 




nofl- 
no)KKa 


Coo 
Taa 


Ton- 
(mkm) 


HMO 

(KfC/CM*) 


Atmoc* 
<|)6pa 


rioBpex- 

A6HHf1 

coeAMHe- 


Aectiex- 
Tbi naeK 


Tpe- 
naeK 


Tpe- 
B no^- 
Kax 


Tpe- 

Hbl 

naeK 


Tpe- 

UfMHbl 

B noiA' 

/lOMC- 

Kax 




1 


AIN 


(0) 


45 


2 


Ba< 

Kyyw 


1/100 


0/100 


0/3 


0/7 


2/3 


3/7 




2 


AIN 


(0) 


25 


10 


B aao- 

TO 


0/100 


0/100 


0/3 


0/7 


1/3 


1/7 




3 


AIN 


(c) 


15 


30 


5a- 
KyyM 


0/100 


0/100 


0/3 


0/7 


1/3 


1/7 


ripM- 
Mep 


4 


AIN 


{<« 


30 


5 


B 


0/100 


0/100 


0/3 


0/7 


1/3 


2/7 




5 


AIN 




40 


3 


Ba- 
.KyyM 


0/100 


1/100 


0/3 


Oil 


2/3 


4/7 




6 


AIN 




20 


20 


6a> 

WM 


0/100 


0/100 


0/3 


0/7 


1/3 


1/7 




7 




(c) 


25 


10 


B 


0/100 


0/100 


0/3 


0/7 


0/3 


0/7 


Cp- 
np. 


1 


AM 


(a)' 


50 


0.5 


Ba- 
KyyM 


16/100 


4/100 


0/3 


2/7 


3/3 


7/7 




2 


AN 




30 


2 


Ba- 
KyyM 


Q/100 


6/100 


2/3 


0/7 


3/3 


7/7 




3 


AN 


(b> 


20 


110 


B3< 
KyyM 


2/100 


8/100 


0/3 


3/7 


3/3 


7/7 




4 




(b) 


30 


2 


Ba- 
KyyM 


1/100 


7/100 


2/3 


0/7 


3/3 


7/7 



TaCJiMua 2 





CBflsynu^ft MarepMan 


Tonuvm 
njiacTMHbi 
M3 A1 (mkm) 


VcnoBMn npucoeAMHeHUR 


OnwiueHMe o&b- 

eMOB (aJDOMM- 
HMeBblfl pHCyHOK 

cxcMbi/rennooTBO* 
AfliMBfl nnacnrHMa 




8 


(f) TojimKHa: 25 

MKM 


300 


605**C, 30 MMH B N2/ 
20 KTC/CM^ 


1/1 




9 


(g) TojincKKa; 35 

MKM 


500 


620°C/ 60 MMH, B Kf2, 

10 Krc/cM^ 


0,9 


ripM- 

Mep 


10 


(f) TojnmiHa: 20 

MKM 


200 


600*0, 70 MMHr B N2/ 

40 Krc/CM^ 


0,8 




11 


(f) Tojzmmia: 15 

MKM 


150 


610*C/ 50 MMH, a N2, 
50 Krc/CM^ 


1,2 




12 


(f) ' ToJmcMHa: 35 

MKM 


400 


595^C, 20 MMH, B Nj, 
3 Krc/c*^ 


1/3 
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TBepAOCTb no 
BMKKepcy aino- 

CyHXB (ktc/mm^ 


OueKKa OTcnaMBaHMn 


riociie 3000 L(MxnoB 


nocne 5000 uracnoB 






ripiicoeAHHeHMe 

npOBOnONKblX 
BblBOAOB 


noKpbiTHe 


TpeiHH- 

Hbl 

naeK 


TpeunM- 
Hbi 8 noA- 

JTOJKXaX 


Tpeu|w- 

Hbl 

naeK 


Tpeu^ 
Hbi B noA- 
no>KKax 




8 


13,7 


OTcnavtBaHHd 
Q/10 


Her OTcnan- 


0/10 


0/10 


0/10 


0/10 


npM- 

M8p 


9 


14,4 


OrcndMBaHMe 
0/10 


Her OTcnan- 


0/10 


1/10 


0/10 


3/10 




10 


12.9 


OrcnaMsaHMO 
Q/10 


Her OTcnaM- 
eaHMfl 


0/10 


0/10 


2/10 


0/10 




11 


13.2 


OrcnaHBaHMe 

0/10 


Her OTcnaM- 

eaHHn 


0/10 


0/10 


2/10 


0/10 




12 


15.0 


OrcnanBaHiie 
0/10 


Her oTcnaM- 

BaHHfl 


0/10 


1/10 


3/10 


3/10 



TaOjiMua 4 







Camyiou^ lyrarepMa/i 


AnoMWiMeBan 
nnacTHHa 


ycnoBHH npHcoBAHHeHMn 






Cocras 


Toiiu^MHa 
(mkm) 


Mhctotb 
(% no 
Macce)* 


Ton- 
lUHHa 

(MM)* 


HMe 

(KTC/CM^ 


TeMneparypa. 
Bpeun 




13 


93.8 Maa%AI-5^0Mac.%Cu-1.2 
Mac.%Mg 


0,02 


99,85 


0.4 


10 


600»C, 30 MMH 


ripM- 

Mep 


14 


94.5 Mac.%AI-4,0 Mac.%Cu- 
1,0 Mac.%M9-0,5 Mac.%Mn 


0,025 


99,90 


0.4 


20 


615X. 26 

MMH 




15 


96,2 Mac.%AJ-3.0 Mac.%Cu- 
0,6 Mac.%Mg 


0,03 


99,99 


0,5 


50 


625''C, 20 MMH 




16 


97.4 Mac.%A1-2.0 Mac.%Cu- 
0,6 Mac.%Mo 


0.035 


99,99 


0.5 


45 


635^0,60 

MMH 




17 


95.7 Macx%A(-3.5 mbc.%Cu- 
0.5 Mac.% MgO.3 Mac.%Si' 


0.04 


99.999 


0.5 


30 


605^C, 15MMH 




18 


94,1 Mac.%AI-5.5 Mac.%Cu- 
0,4 Mac.%Mo 


0.015 


99.85 


0.3 


12 


595<»C, 10 MMH 



♦ ) rapaHTMpQBaHHa« xapaKTepMCTMKa. llpoKaTaHHHe aJiodMHweBHe 

njiacTMHU McnojibSOBajiMCb b npwMepax 15, 16 m 17, 
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TaGjiMua 5 





DoepewAeHMfl coeAHHeHH^ 
(Mttcjio noBpeoKAeHMA hb 100 


nocne 3000 qHKnos 


nocne 500O HMxnoe 


Tpeu^i4Hbi 


TpeiiVMHbi B 
nojmoTKKdx 


Tpeu^MHbi 
naeK 


TpeU^MHbJ B 
nOAi10)KK3X 


npM> 

Mep 


13 


0/100 


0/3 


1/7 


0/3 


3/7 


14 


0/100 


0/3 


0/7 


0/3 


1/7 


15 


0/100 


0/3 


0/7 


0/3 


0/7 


16 


0/100 


0/3 


0/7 


0/3 


2/7 


17 


0/100 


0/3 


0/7 


0/3 


1/7 


18 


0/100 


1/3 


1/7 


2/3 


4/7 



TaOJiMua 6 





KOJWHeCTBO 

AoGaaneHKoro 

Y20s(%no 

iiacce) 




AwtVaKMMfl peHTT«H08CKIil)( 


VAejibHaii TeimonpoBOA- 
HOCTb (Bt/m-K) 


Tewnepa- 
TyparC) 


BpeMfi(H) 


X 


Y 


z 




Mep 


19 


4,7 


1775 


12,5 


0 


5 


1 


187 


20 


3,5 


1800 


8 


0 


6 


0 


176 


21 


2,8 


1815 


2,5 


1 


9 


0 


164 
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O 
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ro 



* X=MHTeHCMBHOCTt HMKa 100x3Y2O3*5Al2O3/MHTeHCM3HOCTb HMKa AlN 
Y=MHTeHCMBHOCTb HMKa 1 00xY2O3-Al2O3/MHTeHCMBHOCTt HMKB AlN 
Z=WHTeHCMBHOCTb nWKa l00x2Y2O3-Al2O3/WHTeHCIlBHOCTb HMKa AlN 
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CBii3yioii^M0l MarepHaii' 


TonutMMa pHcyHxa 
aniOMMHMeBoti cxeMbi 

(MM) 




Gocraa 


ToniMMHd (mm) 


npHMep 


19 


95.0 Maa%AKO Mac.%Cu-1.0 
Mac.%Mg 


0.03 


0.4 


20 


93.S Mac.%Al-5,0 Maa%Cu- 
1,5Mac%Mg 


0,015 


0,5 


21 


95,3 Mac.%AI-3,5 Mac.%CiJ- 
1.2 Mac.%M9 


0,025 


0.4 



TaOJiMua 8 







ycnoBMii npHcoeaMHeHKfl 


ATMOct^pa 


TeMneparypa 

CC) 


BpeMfl (mmm) 


flaaneHHe 

(KTC/CM^ 


npw- 

Mep 


19 




615 


10 


35 


20 


BaicyyM 


600 


20 


45 


21 


N2 


620 


3 


15 



TaOjiMua 9 





nepaoHanafTbHoe mhcjio noBp&Kn,^ 

HHtt 


WMcno noBpexMeHMil nocne 
3000 UMxnoB 


MMcno noBpeMgieHMM nocne 
5000 M^miioB 




no BHeuiHeMy bkay 




no BHeUIHOMy 


YABM 


no BHeujHeMy 

BMAy 


YABM 


ripM- 

Mep 


19 


Her Ae<t>eKroB 


0/10 


Her /ie4)eicroB 


0/10 


Her A^BKTOB 


0/10 


20 


HeTfle0eicroa 


0/10 


Her Aa4)eKT0B 


0/10 


Her Aect^eicTOB 


1/10 


21 


Her Ae(|)eKroB 


0/10 


TpeiMHHbi na- 
ex: 1/10 


1/10 


Tpeu4MHbi naex: 
5/10 


3/10 



00 



o 
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TadjiMua 10 





CftRAyioimiCi MarepHaii 


nnacTHHa k» Al a/m 
anioMMHMeBoro pMcyHxa 


DjiaciMHa M3 At Ann Ten- 
/ioOTBOA8U4eA nnacTWHbi 


HHe o6'be- 

MOB 

(a/liOMH- 

HMeeuA 


CocrsB 


Tonu^- 

H8 (mm) 


Ton- 
lUHHa 

(MM) 


Tkh* 


TOJT- 

(mm) 


Tun* 


pMCyHOK)/ 

CrennooT- 
BQAfliMaA 
nnacnma) 


M6p 


22 


95,0 Mac.%Al-4,0 
Mac.%Cu-l,0 
Mac . %Mg 


0,02 


0,4 


no MCHb- 

Gjeii Mepe, 
99,99% no 


0,4 


no MeHbinei^ 
Mepe, 99,3 
% no Macce 


0,90 


23 


94^2 Mac.%Al-4,5 
Mac.%Cu-0,8 
fitfac.%M0-Of 5 
Mac.% Mn 


0,02 


0,5 


no MCHb- 

99, 99% no 

Macce 


0,4 


no MeHboiefi 
Mepe, 99,5 
% no Macce 


1,05 


24 


93,5 Mac.%Al-5,0 
Mac-%Cu-l, 5 
htac . %Mg 


0,015 


0,5 


no MCMb- 

tuefi Mepe, 
99,9 % AO 

Macce 




QiutaB Al- 
0 , 5 Mac . % 
Si 




25 


95,3 Mac.%Al-3,5 
Mac.%llg 


0,025 


0,4 


no Meub- 
ffieli Mepe, 

99,85 




Cnjias Al- 
0,3 MaG.% 
Mg 


1,12 



<s 
O 

CM 
00 



TaOjiMua 11 



00 

ro 
O 





VcnOBHSI npMC0eAMK8HVVI 


TaepAOCTb no BinKepcy (ktc/mm^) 


TeMneparypa nptiooeAHHe- 
Mm 


Bpe- 

MR 


ATMOcdiepa 


AniOMHHKeBblH 

pMcyHOK cxe- 

MM 


TeniiooTBOAniuan 
nnaciuHa 


npH- 

Mep 


22 


625«C 


10 

MMH 


Na 


14,8 


23.9 


23 


615»C 


15 
MMH 


BaicyyM 


13.7 


22.3 


24 


595"C 


5 MMH 


BaKyyM 


15.4 


27,2 


25 


635«C 


20 

turn 


BaicyyM 


16.3 


28.7 



TaCJiMua 12 





HMcno noBpGK/ieHVA nocne 3000 mwoiob 


Mucno noBpesiweHmt nocne 5000 uracnoa 


noAnoMxa 


HaAKM noA 

KpiicraniioM 

(YABM) 


riaiiKvi noA 

noAnoMOCoA 

(YflBM) 


nOATflOKKa 


naC^KM noA 
KpMcraiuioM 


naitel noA 
nQAno)KKOA 


npuMep 


22 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


23 


0/10 


0/10 


0/10 


1/10 


0/10 


1/10 


24 


1/10 


0/10 


0/10 


3/10 


3/10 


3/10 


25 


0/10 


0/10 


1/10 


0/10 


5/10 


5/10 



CM 
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